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PRFJWCE. 


The manufacture of chemical mau\u-es has now, l)ec()me a 
most important industry in several cojuntries, but notwith- 
standing the magnitude of this industry, up to the issue of the 
first edition of this book, very little had beeii written on the 
subject in France, and no author in that cbuntry had at- 
tempted to make it the matter of a^special tnnitise. By the 
isSue of this book the author endeavoured to fill what must 


have been a long-felt want. 

From a technical pomt of view kh’ench literature supplies 
but little material for such purpose, bk’cnch managers andi 
chemists rarely publish their knowhalge (but this appfie^ also 


more or less to other countries), (iither tlu'.y have not the time 
or they are bound down the conditions of tlnur'emplciy- 


ment not to disclose matters which are regrrded' as secrets 


that may be useful tovjompetitors. This is ih many cases a 
grave misttike since.*t]iose <c\ropting this' plan work in a little 
groove whreh becomes deeper it.ral deeper ; ’as against this ide-»i 
it is evident, however closely that iV may l.:^ kejit, knowledge 
eventi^lly becomes universal. ! V ’ » 

Other countries, especially Germany, 'are better off in tfiis 
respect, Since foreign publications are to be obtained, including 
several special treatises, annual reports on the progress of 
different industries, edited in most cases by retired works 
managers or othe.’f prack'^al men, etc., in wliR^h the ditferent' 
^iflcesses are described and discussed in rH-tfieir 'iOearings, due 
note being taken of new processes discoveries. : > i • 

From such maferial* together with personal experience, 
^nd also with the help of knowledge imprfvted by eminent 
specialists and scientists • whcgjiave given ev«ry aVl and 
encouragement, the autfior has prepared the presept book, 
which, althc^ligh it lays no claim to be a'»perfect and complete 
compendium of the whole subject, is nevertheless, a true and 
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PKEFACE 


we h&pe readable account of this most important industry^ 
which should be useful not only to manure manufactuyrs^ 
but also to farmers, ^agricultural chemists aijd others intereited^ 
in agricultural matters. 

The* first edition of this book was published in prance in 
1909, and an ^authorized translation, prepared by Donald 
Grant was issubd by the present publishers in 1911. In thlit ‘ 
^ition«mah'y practical notes were added by the translator, 
from a store gathered in a long career as chemist and works 
manager in chemical manure and sulphuric acid works. 
These notes have been retained for the most ^art^in the pre- 
sent edition but have beeti, except in a few cases, incorporated 
with the text. In addition the matter has been closely re- 
vised, and much n^W material has been added, in order to 
bring it thoroughly up to date. Two other books by the 
publishers also dealing with the subject may be referred to, 
these are “Bone Products and Manures,” by Thomas Lam- 
bert; and “ Utilization 'of Waste Products,” by Theod&r 
Koller. 
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CHAPTER L 

J'HOSrilOUlC ACID. 

IliHlory. — TR\i v^iscovei-y of |)[ios})hon 4 s is diu' to' tlu' iiibhoniists.. 
in 16()9, Brand, a Ilanihiii't nnMchant, searching f^r the ])hi]o- 
sopher’s stone in human urin(‘, discovered 'an intt‘restiiig sul)stanct' 
which he called pltdHphoriis, i.e. a light hearing suhstance, luminous 
in the dark. All th(‘ phosphor! known up to thkt tinu>- and there 
was quite a series of them — to Ix^come luminous mHuled pi'cvious 
(exposure to sunlight, and yet tluui- luminosity soou vanishetl, whilst 
tfle new suhstanci* mnitted light spontaneously, and pi’t'sei’ved that ^ 
pi'Opei'ty ])e‘rmauently. It was, th('r('foi’(‘, ternu'd pli<)!^])Jinru.s.. 
Brand kept his proci'ss s(‘cret at least for a tinu', hut it is stated 
that he sold the seo-et to Ki-alTt, who inij)ai-ted it to Jvuid<el, r> 
Berlin chemist, who descrilH^d tin; m(!thod ol ])i('paration, in LGHH, 
Alhimis extracted })hosphorus from mustard seed and crt'ss setal. 
Thus within a tew years phosphorus was found in both jIh' animal 
and v(igetahle kingdoms without, however, anyone di\;aming of its 
connexion with inoi-janic natinae According to itosmic tlu'oi’ies 
of the tiiiK'S »dds suhstaiua^^ iyas h(!ld tq lx; the product of other 
substances, or (wen the i-esult of s))ontaneous gimeration utuler tlie- 
intiuencc^ of ill-delineal vital forc('s. seaentists ofth(‘ tim(‘ hiCli 

not y('t distinguished th(‘ chemical (‘lehuuits, tlu' van y sim])t(' theory 
of whi^li was desthied in tlu; futme to fr>rniiih the veiy hasisjof tlu* 
science of th(;s(; products. ^ o ■» 

Tt is interesting, however, to ohseiAai that free ])hosphorus vuis. 
prepared and (^xamintal during scwenty years without its compound 
witft oxygen, phosplioric aci<|,.from which it had l)e(‘n isolattsd and 
to which it so easily r(;verts, being known. Phosphoric; aci'd waia 

discovered till' 1743, Oy Margraff, who jaScerti incal its exact 
nature and succeeded in jaecon verting it intophd?;phorus by (jalcinipg 
it wuth charcoal. In ,17()9, Gahn, a Htvcnlish clumiist, I bund tKis 
acid in bones, and a. few years latcy.' Sche (,‘>4 his countryman, 
published a process by which phosphoi us could’be (ixt cacjed fron] 
bones, which is still used iii ds main features.^ Tern Veai s aftcu- the 

^ Hchcole was by birtli a I'rufisian. See Sctie(‘le’s‘‘ Ciicinical Esnays,” Scott, 
dreenwood & Son. 
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discovery of phosphoric acid in bones, and more than 100 years 
after the first prej^aration of phosphorus, Gahn found this subst5|nce ( 
in the mineral kingdohi also, viz. in lead phosphate (pyromorphite) ; 
VaiKpielin and Klaproth soon afterwards found phosphorm^cid in 
apatite, that beautiful mineral, met with in large masse% the com- 
position ofM'hicn^'s analogous to the mineral constituent of bone. 
S;ich briefly summarized are the chief histoi’ical facts regarding 
the disc6very*bf phosj)horus and phosphoric acid in the three king- 
doms of nature. Since those times chemists have continued their 
investigations ; they have searched foi- this substance everywhere, 
and have found Ht more widely distributed as analytical methods 
have bee^i improved. Its ptesence in urine and imi)cffies led to the 
assumption ^hat it might be ])resent in all the fluids and organs of 
man and animals, and vtiry soon this was found to be the case. It 
was found in all planfs and in all their organs. It was thenceforth 
recognized that tlTe phosphorus contained in tlie body of animals 
was of vcgetabhi origin. But from whence do plants derive this 
substance? The answer to this question was sought for a long 
time. Even up to the middle of the eighteenth century, wh?n 
scientists like Haussure (1740-1799) and others were led by simple 
logic to search for phos])horic acid in the soil, agronomists per- 
sisted in regarding it aj derived from other substances, since vciry 
little of it was found in the soil, and this little might very well be 
brought *on to the land by farmyard dung: Howevei', improved 
analytical^nuithods gradually elicited tlui truth. 

Ori(jin and pistrihulion of Phosphoric Acid in iS attire. — -If it 
be interesting for^tiie farmer an<» th(i chemist to fpllow the migrations 
of one constitiumt of tli# air, and curious^ phcirtomena under 
the influence of which the molecule of nitrogen becomes succes- 
sively ammonia or nitric exid^ then vegetable organism, then finally 
muscular fibre, it is none^ the less instructive to follow the migra- 
tions if»f the molecule of |Aiosphorus. Let us endeavour -tg grasp 
these migrations, aiub to trac/? them, starting from the point of 
oidgin of phosphoric acid, i.e. tlie presence of this substance in the 
primitn-e -and crystalline rocks. The analysis of the primitive 
rocks, and of the metalliferous veins, which they contain, proves 
that phosphoric a*^d is almost always one of tl^eir constituent ele- 
ments.^ Assc^ciated ivith lime, the oxiifes of iron, manganese, 

’ The two Tueii of science who studied the^quest'^on most profoundly were 
Porchammer of Copen^iaKcn and Stockhardt of Germany. The latter found 
'ahosphoric acid in s^verai rocks in which it was believed to be absent. The 
percentages o^ phosphoric found in different ipcks are ^iven in Table I. opposite? 
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and copper, this substance constantly reveals its presence to the ex- 
pert chemist who makes a special search for i^. The proportions 
present are most often very minute, but tHkt is a matter of little 
impcHkance since plants have a marvellous faculty of fre«ing from 
the soiCtiie principles necessary to their devolo} j^ncnt. And let us 
remark with Bohierie, “how everything hang%on a*chain to ex- 
jTlain to us the disti'ihution of phosphoric acid in our c^ops. Delius 
go back, in imagination, to the origin of things, To th'ose great 
natural phenomena, all the traditions in regard to which are in ac- 
cordance with what geology reveals to us of these gigantic phases. 
The igneous rocks contain phosphoric acid. The* disintegration of 
these rocks^wide)’ the combined injluence of water, air, heat, 
and carbonic acid, soon favours the physical division of the rock 
masses. Vegetation develops, vivacious,*luxui-iant, immense, ac- 
cumulating at the same time both carbon fiT)m tht? atmosphere — 
which it is to return as coal to fai--otI generations- and phosphah^s 
which its organs, ininuu’seddn a virgin soil, assimilate to abandon 
later in a fine state of divisio?i on the surface, of the soil. And 
ar) energetic, active, incessant medium of this ])rovidential dis-* 
tribution, the animal world superveiu'd with its ];ow(*rful ca])acity 
of condensation of ])rinciples, rich in phosphorus and in nitrogen. 
Thus it is that vegetation supplies phos])h;^tes in a readily assirnil* 
al)le form for the alimentary iumcIs of new' individuals. mole- 

cule of phosphoric acid is no longer the inert crystalline^ portion of 
th(^ igneous rock, it is no longer the mimu'al framework of ^le 
plant, it is the os'^eous substance of the anin^al.^it is loth its 
skeleton and its tl^'sh, its lu'rvous fchre, and its^nitire being. Our 
ideas of the (^gani^in and <afy)hosphorits are ins('])arahl(! th(? one 
from the other.” ^ 

The beds of the different g(‘ological fo.Minations all contain fossils, 
more or less rich in phosphoric aci([. ^The ('amhrian yields 
LujuU^es and Di.wruides, forerunner^ ^f the /l/vtr/i/eped.s', Svl^ose 
calcareous shells were cgmparativcfiy nch ii? jihosphoilc acid. At 

'A’U3LE I,— VEUCENTAGP: of rilOSl'IlOllIC ACID IN V/Kibus 
• • ROCKS. 


Kock. ; coiit. 

I 

• i • 

I Felspar (RixihshoiUg) . I DTO 

'.Gneiss (Gerlusdorf) . 0-7rt 

fGranulet (Penig) . . i 0-r>K 

I Granite (Hellsdoif) . 0*')H 

; ,, (Burgg^ldt) . j O-Hs 

I ,^asalt (Tharandt)' . .| 1-10 


. 1 I’cr cent. 


iMelmiiiyre (I'lam Pj 0*B8 

Syenite (Plafien) . 0‘18 

C^eiss (Tharandt) 

FelsUe (Tharandt) . . 0‘‘21 

Limestone ({^hweindorf) . O ol 
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a later period vertebrata appear; first, the Silurian fish, then the 
saurians of the Carboniferous and l^ermian, and finally, the hh:ds 
(Jurassic) and inamm^?ls (Trias), the skeletons of which form the 
principal •elements of the accumulation of phosphoric acid, ^--rhus 
the soil of all ])e)"iods may contain phosphates, hut they are not 
found in laVge (ju^ntity except in certain formations and under 
peculiarly, fayourahle circumstances, which we vaguely perceive, 
hut of which if is impossilde to give a really satisfactory explanation. 
The solution of phosphate of lime acid by rain water, charged with. 
carbonic acid, traversing th(‘ superficial layer of soil covered with 
vegetation and thus rich in humus, its entrainment into the subsoil, 
and its accumulation in the subjacent rock, by loss KfViarbonic acid 
— such seem'.^ to be the genesis of phosphate deposits. On the 
phosphate beds so formed new lay(U’s of phosphates were deposited 
as soon as tln^ carbofiic acid acting as the solvent had set free 
sedimentary phosphates. When the solution percolated into 
hollows it formed pockets. The carl)onated water could even con- 
vert ah'eady formed phosphate into a special form, for example 
that of vitreous staffelite. Noduh^s wei'e fornu'd when the rock to 
which the phosphoric acid was combined w^as deficient in cot\sist(mcy, 
or had become porous, for example owing to the upheaval of the 
tleposit, thti different portions of which were washed and removed 
by water, thus rounding the fragments. Nodules may again be 
formed by th(^ fixation of pbosphat(i of hint; round a nucleus, for 
ex^ample around gi'ains of sand swimming in tin; solution on the 
impulse of a evysfiil growing in an appropriate-solution, or organisms 
or even bells of g«is rising in 'the solution drawing to it particles 
of the saint; niitnre as it; :;lf. Einaliy, anotheij hypothesis of tht; 
formation of nodules is that precipitated phosphate of lime had 
been gradually reunited into compact nuclei liy water through the 
intervention of pebbles of silica. Apatite was the first phosphate 
formedi by the crystallizavion of the incandescent rocky 'ipagma. 
Its crystallfne form is hexagonal. As it cooled slowly, the mass 
of liquid apatite; formed crystals of different sizes, varying from 
capillary needles, scarcely visible, up to 12 in. in length. Their 
interior always assumes a lamella^ structure. Apatite is found 
SViassiVe, with this‘brystalline structure, or even compact and mas- 
sive when it isUmibedded in basalts. But compact massive apatite 
ir( practipp lly indistinctly crystalline apatite. Pseudo-apatite is dis- 
integrated apatite. All these forms of ivhosp^ate, from the crystal- 
line form to the am j^phous, from isolated nodules to rock phosphate, 
,Cre derk ed from an identical origin. Summing up, phosphorus 
existed in the beginning of things in ihe primitive rocks. It has 
become more easily assimilable in virtue of its distribution in 
sedimentary and transported soils ; vegetables have absorbed it, 
then they have given it up to the animals, which have condensed 
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incl accuniulated it in numerous jjoints oi me ^none. Let us not(!, 
wi^h l^uckland, how astonishyi^^ it is that the* l^uiman race sliould, 
for so many centuries, have remained i^ticJ^-ant of llie fact that a 
[jonsi^rable portion of the surface of tlie ^dohe was fornu'd by the 
:lehris of. the animals whicli inhabited the amnent seas. Ther(‘ 
ii^xists, according to the same author, vast pl<iyVs aiRl enormous 
mountains, which an; merely, so to s]U‘ak, the ediarnel hous('s^of 
preceding generations, in which the j)etrilied deltiTs of extinct 
miinals and vegetahles ar«' piled U]) to form marvellous monuments. 
These monuments attest tin; work of life and death during incalcul- 
ible pei'iods. Cuvier, appreciating thes{‘ curicrus natural phe- 
nomena, (leAi^jd that the sight of such a s])('cfa(!l(‘ as fliat of tin' 
lebris of life forming almost tin* whole of the soil on N'^hich we ti’ead 
ippean'd so terrible that it was dillicult ^)l• him to conc(mtrate his 
magination on the causes which havt* ])rodm:«’d sue.h gnnit eftects. 
rh(;se effects, so terrifying to the genius of CiiVier, are n'ally only 
,\w ri'sult of one and tin' sann; caus(; -an elliem'Ut ca.us(', which is 
lonlirmed und(‘r the most (liv(‘i’S(; conditions, and in all latitudes, 
with a wonderful unity of design, f^uly tin; Sovei'eign Master of 
[jife and Death could accomplish such wonders. 

Let us now try to lindtln' amount of ])hos])hoi‘ic acid in different 
nedia -phosphoi'ic acid in the soil, in plants iind animals. Aboi*^^ 
]he lime wlnni Dritish agronornists ' wi'.re (;x])loi'ing tin; de]K>sits of 
i)hos])hate of linn; of Lstramadura, it was «bscov('r(‘d, in 8urr(.;y, 
;hat the use of ground bones, and other substanea's l ich in*|)lios])horic 
icid, ])roduced no l>eiu'licia! )’esult wln'ii applit^d i^) soils, fc'itile 
.-;nougli in themself. I's, the sul)soil«f which bel^inged to certain de- 
posits of tlu* low^^r and U]ri]>er ( ir(;(‘ns%nd. This k'd to tin; sup- 
[)Osiiiou that phos])hate of fime, which is^ one of tin; f(;rtilizing 
:ionstituents of ground hom's, is naturally ])res(;nt in* these soil f in 
sullicii'iit proportion. IMr. d. C. Nh'sb^t, jin ex])ert chemist, im- 
medi^tt'ly collected the soils and rock^; ol* tlnise districts flo as to 
iscertain the cause of tlieir fertility. ^Amo«gst others* he receiv('d 
j'Om Farnham samples of a fertile, ‘inarl, situated on the property 
Df,l\rr. J. i\L Pairn;. A rapid (;xamination showt'd the jire.iiience, in 
dn^Tnarl, of an unusual amoiiHt of ])hosphoricacid, and in November, 
lcS47, he informed Mr. l^^^n(‘ of this discoveiyf' Fioin tlfis im^l 

* ' This very evuleiitly reh^rs to Dr. Daulxai;^, \\4i?) insprctiMl iiml reported on 

;hese deposits (Estrainiidura) in Isdd. lli« report is printed in tliu4‘ JonmtfAof 
bhe Royal Agricultural tt)ciet 3 »of Rngland,” Vol. V,’Rart II. — Tu. 

2jiut Mr. Paine liiniself, in cojijunctioii witli I’lfifc^sRnr Way, the chemist 
di the Royal Agricultural Society of England, in 184H pTihlislnid^tfj^! results^)! 
their combined elaborate re‘sea*-ch(;s j)n the phosphoric stfata oi the chink 
formation in a paper in the “Journal of the Royal Agricultural Sodety of Eng- 
land,” Vol. IX-Partl, pp. 06 - 8 - 4 . The reader is re^rred to this memoir ; sujiice 
it to mention nere that the marl contains nodufts much riclier in phosphate 
:)f I'me than the marl in which they are disseminated. — Tu. 
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28 per cent ot phosphoric acid, corresponding to 60*67 of phosphate 
of lime, was extracted. The general. mass of the marl contaiiy'd 
2 to 3 per cent of phosphoric acid, equal to 4*33 to 6*5 per cent of 
phosphat§. It will be seen that in presence of such a proi:)feftion 
of phosphoric acid the application of phosphatic manures was 
quite superfltUOus.‘^ ^In the Tcliermo Scm, so fertile in Russia, where 
tfrom time immemorial the highest yields of wheat have been oh- 
taified withoifu»any manure, 0*6 per cent of phosphoric acid is pre- 
sent, whilst mediocre soils only contain 0*1 ; fertile soils, 0*2 to 0*5 ; 
very fertile soils, 0*8 and upwards. Regarded by themselves these 
figures appear very small, but applied to a given surface, they are 
considei’able. A hectare of arable land, say 2*5 acresri ‘.vith a depth 
of 0*2 metre, f^ay 10 in., weighs 5000 tons, say 2000 tons per aci*e, 
and if such soil contains 0*6 per cent of phosphoi-ic acid that equals 
30 tons of that acid peu hectare or 12 tons per acre. The diffusion 
of phosphoric acid -in arable land responds, moreovei*, to a ])ro- 
vidential law, that element being as indispensable to plant life as 
to animal life. In the absence of phosphoric acid, none of our 
cultivated plants can passthrough all the phases of vegetation ; tlu^ 
lieed may germinate, ])roduce leaves, stem, branches, but these 
organs remain attenuated, lingering, till the plant dies prematurely 
\jjithout bearing flowers or fruit. Uorenwinder made researches to 
trace the phosphorus in plants. Analyses of roots, stem, and fruit 
proved thfit phosphoi’us exists in nascent organs where it contri- 
butes to oi gaiiization. It diminishes proportionally in the root; 
thiiii the root of l)eet-root does not contain phosphorus after the 
maturity of the s'e^^d. It is toJ)e found princiy)ally in the seed. 
Corenwinder found that in fhe pollen of, flowers tpere fs a consider- 
able amount of organic phosphoi us recovei ed as phosphoric acid 
in (.jhe ash oh these minute cellules, in this i*espect pollen is 
analogous to the seminal fluid. Saussure and, later, (larreau, 
Professor of Potany at ‘f jilU, pointed out that the leaves of tree 
yield, on buiming, ashee richer in phosphorus than at any other 
epoch of vegetation, ff nowSve gradually ascend to the examina- 
tion of apiiqals, we find that their bones, their muscles, their nervous 
and cerebr,^tl substance, the fluids C'fp their tissues, blood, rnttk, 
uj;ine, sominal flnkb contain always and everywhere phosphorus in 
soVne form or otter. Intimately associated with organic substancei^ 
phosphorus abounds -In Ihe^cerebral mass and the nervous system. 
One^may Ihmost say that it is 'organized.,, (lo^duned with oxygen 
and lime it forms oi;,et of the important elements of the skeleton. 
Dissolved byi the atlimal fluids, it is unceasingly carried from one 
point to the other of the individual, anddf its total amount remains 
fixed, for & given animal, its molecules nevertheless displaced by 
solvent or vital actions i^ excreted, then replaced by nt^>v molecules^ 
absorbed by the digestive system. To remove phosphoric acid and 
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lime from the diet and try lo nourisli an animal on purely nitrogen- 
on^ substances ^vould lead vei;v (ju'ickly to a termination of its life. 
The animal in this respect behaves lik<‘*th(^ })lant (Hohieri’e). 
Thoull«*nds of analyses made in recent years liy ddie/ard s^ow that^ 
amongst invalids, the elimination of phosphoric acid through the 
urine follows a progri'ss ])arallel to tliat of the di^Vse. •The further 
the latter progresses the more does tin* phos])hate content of the i 
urine increase; in these conditions when the loss «fsubing from 
the elimination cannot he n'paired by a diet a])})ropriate to the needs 
of the individual, tlui himian oiganisni pcu ishes with astonishing 
rapidity, this has led to ])hos])horic acid being .regarded as the 
vital eleinei*.<l^n/.r (‘■.vcLiU'ucc. According to Mlie ‘de l>et,umont, a 
human skeleton weighs, on an average, hb kg., say U) lb., and as- 
suming that human hones contain b.'hOl •[hm- cent of phos])hat(^ of 
lime, a skeleton ought to contain 2‘44kg.,say 5| Ih. Ihit a human, 
body weighs, on an average, 7d kg., say IbbCb. ; dt'ducting the 
weight of the skehdon there rmnains 7() kg,, say 154 lb. of soft 
parts, which on incin(.*ration yi(4d, like ox-he(‘f, 1’5 ])er cent of ash 
(fhtirely composed of phosphate' of^soda, jiotasb or lime, and 
alkaline chlorides. The amount of ])lios])horic acid which they 
contain may he taken as e(|ual to an amount of ])h(,)s))hat(! of lime 
eijual to HO per cent of the weight of tlu' ash, oiTo 1'5 pt'r cent of th(^ 
weight of the soft parts multi])lied by 0-H, s^y 8I0 grin. Tlu'si' HR) 
grm. added to the2'4'l0 kg. contaiiu'ci in boiu's, give a total df d’28 kg. 
of phosphate of linn*, say 1*440 kg. of ])hos])horic achl f.*.' (>40 grrn. 
of pure phosphoi'us. Thesis ligures show thi' im])ortanc(‘, ol the i^lo 
which phosphoric rend plays in t^ie suppoi't (:]j^*lile on the globe. 
They ought tfj teae^i us also^^to us(‘, witl^ wise' foiesight, the' stores 
of phe)sphoric acid with wftich bygone' ages have; ('iidowa'd us, 
since, no matte.'V what may he the* iinpoi’tanCe* of the«d(!t)Osits nt»w 
know'll and exploiteel, anel eve'ii of theise^ which may be eliscovered 
in the^future, they are* far from being i 4 H'xl*austihl(^ ; hesid<*> theire 
is the danger of dispersion of phos'ph^ric acid by default of restitu- 
tion to the soil, which is more'. thre'atC'ning for a luture less distant 
than that of the disjK'rsion of nitinge'ii anel ])otash. , , 

^^t'opcviie^ of J^h<>sj)lt(>riis-^ ( 1) Projxd'f les.~ Phosphorus 

obtained by Bchejelej’s iru'the^d, i.e. by the elistiWation of phospha^} 
of lime and charcoal, is a treain coloure'el tninsliic^nt hoely. It is 
munel in commerce mainly in the*. le:)rni ol tetiffks. .Vt the ordinary 
temperature', it is sofl^like wax, brittl?; ill the' colei. It ha^The oHeJiii 
of garlic. Its density vaiTes between J *82 and* ^ 84. It is insoluble 
,in water and in alcohol, ve'ry soluble in e*ssentiat oils, eih^r, ben/<|J, 
carbon disulphieh*, sulphuF chltiriele, anel pho.siihTirus chloride.^ 

iTh<^ Holu^on of phosiihonis in furlK)n disuhiliido wus ns('d«l)y the lysh 
i'enians to burn the farms of their cou ilrvmen whfl were refractory to the faind 
League. This solution evaiiorates spejntimeously and leaves phosphoruh in a^ 
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Phospiiuiu;^ uicits at a temperature of 44*2^ C., forming a colour- 
less, oily liquid ; if melted ])Hosphorus he rapidly cooled it^ is 
converted into a hlack^mass with a metallic appearance; if, on the 
contrary,, the molten mass he still further heated — uj) to a tertPpera- 
ture of 250^-260" C. -out of contact with air it is converted into a 
red rnodilication ‘v^hich, at 280’ 0., I'e verts to tlie ordinary form. 

»■ Phosphorus is highly ])oisonous. The ahsor])tion of a few cent'i- 
gramrnes sufiife(;s to produce the death of a man hy thti excitation 
of the nervous centr<‘s which it pioduces. The antidote to phos- 
phoi-us ])oisoning is spirits of tuipentim;. Th('. vapours of phos- 
phorus freqiuuitly respircul induce necrosis of the l)ones, chiefly 
those of the face. The ordinary phosphorus inck-.^Jiy and the 
manufacture tof matches are amongst the most unhealthy of un- 
sanitary trad(;s. ClieviidiU Pro'pertics — (2) Ordinary phosphorus 
-oxidizes slowly in the* air, this oxidation being accompanied by a 
phosphorescent glotv, from which phos])horus takes its name. In 
the open air, (!ven cutting it with a knife will inflame it, owing to 
-the generation of heat hy the friction ; that is why it should he cut 
under w’ater. Ohemically combined oxygen ex(;rcises on phosphoru*S 
‘the same oxidizing action as free oxygen. Water, which is a very 
stable com})Ound of oxygen and hydrogen, is desti'oyed, thougli 
islowly, by this substance with formation of phos])horic acid and 
phosphoi-etted hydrogen. Tlu; transformatioii is more ra])id when 
the wat(^’ is rendei’cHl alkaline hy caustic ])otash, soda, or lime. 
Nitric acid ()xidiz(^s ])hosphorus very energetically, converting it 
nuVstly into ]jhosphoric acid. Owing to its gi'eat affinity for oxygen, 
phos])hoi'us is nev(|'r found in ni^iture in the frt'p staU^, it is always 
met with as ])hos])horic ac^d combined with bas(;s. 

O.rip/cuatrd Conijioiinds of PliospliorKs . — Idiosphorus forms 
with oxyg(;n and hydrogen, tin* following anhydrides and acids; — 

, Aniiydrides. Acids. 

Hypopliosplionis iw*id‘ . . . . H.jPO.j- 

*■ j’liospherus acid . , PJ)., tl 3 P 03 

Phosphoric acid . . .. . . .’ P.^O- tJ^PO^ 

Thei'C are thi-ee })hos])horic acids known, viz. 

IMc^apliosplioric acid H.A)P*(),-, = ItPO.. 

I^yropliosphoric acid 2H.X)P.,4n H^PjT)- 
•’Oi'thopkosphoric acid HH.jOP./)-, - ^ H.,POj 

* * 

st}?v.ei‘oi’ cxU yiiely tine division. (The phosphorus then inllanies spontaneously. 
If wooden objects be coated with a solution of Penian’^tire nothiji^f can prevent 
a contlasnition. The sA'lution of phosphorus in carbon disulphide, mixed with 
sif’phur chl/H-idc, can be preserved well in close vessels but inflames with violenci;* 
if a few drops of Vimmonia are allowed /o fall* thereon. This is the Lorraine 
fire of Nickljjs of ISOU. Care must iKi taken to work in the open air on small, 
quajitities af^d to pour the ammonia by aid of a long tube. Tht; new Lorraine 
fire of P. Guyot, 1871, is a solution of phosphorus in carbon disulphide to which 
sulphur bromide has been added. It inrtames in 1 or 2 minutes after ammonia 
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Tlypophosphovous acid is monobasic, that is to say, only oiu; of 
► its %toms of hydrogen can lie nt'placed hy a meti^llic atom. Phos- 
phorous acid is dibasic, and phosphoric acid*trihasic. Tlien' are, 
theref(9^e, three phosphoric acids, wliich ditlVr in tlie fact that one. 
two, or thuee atoms of 11 may he re])laced l)y as nuiny basic atoms. 
Itjs to Graham that \v(‘. owe tlie discoveiy of ^ij('ir clfiiracteristic 
' reactions. i\I(;taphosp}ioric acid only forms one spt'cy's of met^- 
phosphate. Pyro])hosphoric acid yitdds two speeP's *()f })\TO])hos 
phate. Orthophosphoric acid forms thret' s])ecies of salts corre- 
sponding to the formuhe. M,C(),; MJIPO, ; MlIJ’O,. These 
acids are distinguished one from tin* otlu*r hy the* following reac- 
tions : the m^!f!f acid gives a white ]>reci])itate, with barium* chloride 
also with silver nitrate, and coagulates a solution of al1)umen ; the 
* pyro acid gives no pivcipitate with hariuifi chloride', hut a white 
precipitate with silver niti’ate', and does not* coagulate' albumen 
the ortho acid give's no pi’e'cipitate'. with hariuin chloriele, hut :i 
yellow precipitate; with silver nitrate, and doe's not coagulate, 
albumen. 

t'liosphoric Anhijdride, is ohtaine'el by the; tiomhustior 

of phosphorus in a current of ve'ry dry aiir It forms e'xtre;mel) 
light, highly deliepiesce'nt, white' Hocks. It elissolve's in w'ater witli 
the hissing noise of re;d-h(a iron. Jle'uce; it^ use; in ilryiug gases at 
temperatures at which sulphuric acid woulel he; de;ce)m]) 0 ;^e'( 1 , and 
also in the; preparation by deehydration ce;rtain acid anh'^diddes oi 
certain organic com])ounels, nitidles for e'xample'. Ih'ate'd to ree]^ 
Jiess with charcoal it yie'Jels caiPonie; oxiele anel jeh^sje^oi us. 

Mctaphoqdwric J- ld, UP(.).,, is ftionohasic. 4t is pre;])ai‘ed h^ 
hydrating the*cold »iidiyeh’iek',J)y he'atin^oi'tho])hosphoric acid tc 
re;dness, or hy calcining ammonium pliosphaty* at a re'ei heat. It h 
a vitreous sul)stance, volatile at a red hetit, ve;rv soluHle; in w'at(;r 
with which it erombiiu'S to re'])re)eluce orthoj)]iosphoric acid. It i^ 
used t^ ‘dry gases. Tlie; meta])hosphat?'s |1re;])are‘d by calo^nip^ 
monometallic orthopliospjrates are 6idy parti?illy re'eluceTl hy chai- 
coal. 

l^'O'phosphorio Acid, IPPAP i;^ dibasic. It is ]))'v<i)afe;el h^ 
suhjeSing orthophosphouc iic^iel to ])rolonge;d he;at at 200' G 
Calcined, it gives ^u;tapho;jj)hoi'ic acid ; with w?lte;r it leprolluce; 
•or^iophosphoric acid. Pyi-o])hosphate;s, ])re;p#n’d hf calcining hi 
metallic orthophosphates, oi- hy h(;atij)j^ ])liospn()ric acid^^vith 
oxide, are re;ducihle l)>*chaiiCoal. 

As far as the manufacture of chemieMil manuTe^s is concerned, the 
iiiost important modification is the ordinary or orthophfrsphorie 
acid. However, pyrophosylforic ’R-cid is sometimes met with ir 
phosphates that have been roasteef to facilitate gilndljig, anc 
mgtaphosphoiTc acid in superphosphates Aried ajj too high t 
-temperature. 
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Ortliophosphoric Acid, H.jPO^. — This, the ordinary phosphoric- 
acid, is tribasic. ^It is obtained mixed with phosphorus, in ^the 
slow oxidation of phcfsphorus in moist air. It is prepared in the 
laboratory by oxidizing red phosphorus by the aid of he^ with 
fifteen times its weight of nitric acid of 20° B. The reaction mav be 
expressed «thus!',tlP + 5HN(), + 2H,0 = + 5NO. The 

]]J:iosphorous is added gradually and in small portions at a tiine. 
OrthophospT^ihric acid is produced, which remains in the retoi’t, and 
nitrogen dioxide, which carries over some nitiic acid. Cart; is 
therefore taken to redistil the product until the whole of the 
phospliorus has* disap])eared ; the residue is then evaporated in a 
platinuid basin* to expel all nitric acid and to co«??irt any phos- 
phorus aci(> which may have been formed into phosphoric acid, 
taking care not to excefid 188° C., otherwise pyrophosphoric acid 
will be obtained. Orthophosphoric acid is also produced by the 
action of hot water on metaphosphoric acid, by igniting hypophos- 


phorus or phosphorous acids, or by the action of water in excess 
on pentachloi'ide of phosphorus. In the concentrated state or- 
dinary phosphoric acid forms a thick, inodorous, very acid, ncfn- 
poisonous syrup, of density 1*88. ft crystallizes with three mole- 
cules of ^^at(u■ when (‘vaporated undei- a bell jar over sulphuric 
acid. It is very solubl^j in watei*, and highly deliquescent. Under 
the action of lieat, it is converted at about 213° U. into pyro])hos- 
phoric acid, and towards a red heat into metaphosphoric acid. It 
ij reducecl by red-hot chai-coal, yielding ])hosphorus. It gives no* 
precipitate barium chloride, with ferric chloride with a 

solution of silveivnitrate, nor with albumen. ^ But if ammonia be 
cautiously added, barium / hloride gi^es a brownish prbcipitate, and a 
solution of silver a yellow one; both preci])itates being soluble in 
acetic acid. * A characteristic test for phosphoric acid is the produc- 
tion of the double p|josphate of magnesium and ammonium, by 
“magnesia mixture,” fcoinfisting of ammonia, magnesium cj^iloride, 
and water.* This precipitate is White and crystalline ; its appearance 
and method of formation bddg very charact(‘ristic. A reagent which 
enables traces of phosphoric acid to be detected, consists of a nitric 
acid solution of ammonium molybdfiVn If the mixture of the two 
^olutibns be heate^i, a bright yellow precipitate is^forrned. Ordinary 
phosphoric aoid is a yei-y stable compound. At a high temperat^^-e 
jt ^ispli^ces sulphmV and nitric acids from their compounds. 

Phosphates of Livie. — *It has just hce^r «seen that phosphoric 
acid is tribasic, i.et fu contains three atoms of hydrogen, replaceable 
/•jy meW-S • — 

rOH * -rOM * * . fOM (OM 

ro (jH ro\ OH • vo\ om po \ om 

I OH / loH I OH * lOM 


Orthop^iosphoric Monometallic Dimetallic Trinietalli(? 

Acid ()rthophosphate Orthophosphate Orthopho|phate 
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^\hen the hydrogen of phosplioric acid is replaced by calcium, a 
l^liva^ent (dement, three types ot })hosphates are (^htained to which 
the commercial varieties of phosphatic manfires correspond in a 
very cHlbracteristic fashion : . 



Monocaldic phos- 
phate or acid 
phosphate of 
CaH,(POP, 


la) [ 0^^*^ 

to. ,, 


l)icalci<; phosphate 
or inonaeid 
plio^phato of 
lime 



Tricaleic phospliate, 
Neutral phosphate of lime, 
Tri basic phospliate Af lime, 
Ca^lt'O,), 


Monocalcic phos])hate or sipHM’phosph.fte is charact(‘ri/ed by 
its complete solubility (a) in water, (h) in ailimoniacal citrate of 
ammonia (aqueous solution of atnmonium citraU', with excess of 
ammonia), and (rj iii mimnul acids. Tlu' soh^ 6bj(‘ct of super- 
})hosphate inanulacture is to convert^ tlu* tricalcic })hosphat(‘s 
ot Bones and mineral phosphates into monocalcic or a(dd phosphate, 
assimilabhi by plants. J)i(;alcic ]jh(js])hate, or ])r('cipitated ])hos- 
phate, is insoluble in waUu’, but soluhh' in ammoniattal citraU' of 
ammonia, and mimn'al acids. It is obtaii^i'd in the trtiatmcmt 
of bon(^s by hydrochloric acid, in the inanufacdun' of gehLiin(?^(^lue), 
as will be s(‘en in the s(Hjuel. Tricalcic phosjihati^ foiins |he cdiiet 
mass of the substance of boiu's which r(‘sists combustion (horn* ash)| 
of phosphoriUis, of apatite, and of a gi-eat numlae’^if guanos. In 
the calcined state, o^ as apatit(‘, it 4s insoluble in water, slightly 
soluble in w’atcV sa4n'ai(‘d witl^ carbonic^acid. It is (jom])let(dv 
solul)le in nitric and hydi’ochloiic acids, which qpnv(‘rt it into mono- 
calcic phosphate, displacing two-thii-ds of-the lime to foVm, with it^ 
calcium nitrate or calcium chloride. Sul])hyric acid com])letely 
decomposes it into fi-(u; phosjdioiic acitl a*iui snl])hale of Titi^e 
(gypsum). Rhos})horic a(qd is ])recif)itate{| fr<5m acid soBitions, by 
excess of lime water, as a lim* white powder, which is paidJy soluble 
in waiter, especially wheTi it conta.ins potassium sul])hate,^tiOinmon 
salt, nlfrate of soda, ammonia(ifR salts, or carbonic acid. 

Phosphates of AgmoiiinyH, Sodium, etc. — Let Bs (.‘xamiin^ it few t 
othigr phosphates of importance in manui'e maiui’factii^ e : — 

’ 1 . Tribasic Phosphate of Ammonium^ ( i J., ht ).j, is a sli^jtl}' sc^- * 

uble, very unstable salt, obtiyned by mixing syrupy phosphoric acid 
with excess of ammonia. Its a(jueous«solutioir"(»x])Osed to the air 
’loses one-third of its amiiumia, and is convert(;d into tin? i^>onacid 
phosphate ; heated, it loses a !j(*C:ond equivalent, and is then converted 
into the acid phosphate. 

2. Mona(‘id* Phosphate of Sodium {ordinary eommereial phos- 
phate of soda, NaoHPOj 4- 121120 ) is contained in urine. It forms 
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large cryHtals, which become opaque in the air, through loss of a por- 
tion of their water^ Heat converts itirito pyrophosphate by expui^sion 
of water. It is prepated on the large scale ])y saturating crude phos- 
phoric acid with soda to alkaline reaction and crystallizing^ 

3. Momicifl ,riiospJiatc. of Amnumi/uin and Sodium, NaNH 4 

HRO 4 + #H., 0 .*-iaThis salt is ])repared ])y dissolving ammonium 
(jhloride in jjb solution of ordinary phosphate of soda. Heat converts 
it into ?^odiiifti inetaphosphat(i, NaRO.j, with liberation of ammonia 
and water. Rutrefying human urine yields a dejjosit of this salt. 
It forms crystals as clear as water, and is found in that state in 
guano, under the name of atercorite. Its solution on standing gives 
off amnfonia. * •• 

4. Mo'iKicid riu)sj)hate of Ammonium is, lik(;wise, found in 
Peruvian guano. I t is I 0 riiKxl fioin the neutral salt through loss of 
ammonia. It lias ati alkaliiui reaction, like all monacid soluble 
phos])hates. The' acid j)hos])hates of potassium, of sodium and of 
ammonium are still more soluble iii water than the preceding. Their 
solutions turn red litmus paper blue. 

5. Magnesium PkosplLaies — (1) Basic Phosphate of Magnes^im 
Mg;^( R 04 )^,, is found in small quantities in se(‘ds. It is very soluble 
in acids ; it is pi'(‘cipitated from its acid solution by ammonia as 
phosphate of ammoni^ and magnesia. (2) Monacid Phosphate oj 

This, like the corres])onding lime com])Ound, is a very 
solul)lc salt. (3) .Double Vhosphaie of Amnionium and Afagnesiam, 
JtlllMfrN), + (illX), is pr(‘cipitate(i fi'om solutions which contain 
at one and* th^? same time phosphoric acid, magnesia salts and 
ammonia, as a white crystallftie powdei* sligl^tly .soluble in watei 
and almost insoluble i*. ammoina water. *TgiiitNl, it leaves a 
residue of pyrophosphate. This interesting conqjound was found 

lai'ge crfstals as clej>r as water in excavating the soil for the 
foundations of the cj^mr^R of St. Nicolas in Hamburg. The namt 
oi^slfu rife given 'to h. In this locality tluae was a' (^isspool, 
from whidi the matter spread into the pe^ity soil. As peat contains 
a large amount of ammontacal salts, the phosphat(i of magnesia 
from •tlu*^ urine had formed tlu; double phosphat(‘. of ammOni^ and 
magiu'.sia, which remained in solutit)n for a somewhat lengthened 
pericH in the ai^lmoniacal salts in excess. slow precipitation 

crystals wertW formey^ some as hu ge as a hazel nut. This s^e 
^j^lt is jnet w'ith fn dil^erent varieties of guanos, hut in much 
smaller crystals. Its forination is amvlogous to that which occurs 
in putrefying nri»^: the phosphate of magnesia is brought by the 
urine, yie*ammoriia results from the putrefaction of the nitrogenoiis 
constituents of the guano. • * , 

6 . I^hosjdiates of Jnm . — The basic phosphates of iron are widely 
distributed in natui'C, but their composition is* very variable. 
They are formed wherever phosphates dissolved by the moisture 
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iu the soil come into contact witli oxide of iron. In araldt^ land, 
whigh it is well known alwavii contains oxide of iron, a portion 
of the phosphoric acid is in all prohahilit)p combined with that 
oxide. ^The phosphate of the protoxide of iron (feri-ous pluisphate) 
is formed in an analogous manner, in nature th(‘ iron renluced to pro- 
toxide by decomposing organic matter. This pftp?luct is found in 
large masses in certain ])(‘aty districts. .V basic artificial pho^|- 
phate is obtained by mixing ferric clilorid(‘ with ’ excess of 
phosphate of soda. It possesses a yellowish colour, hut becomes 
brown on heating. The compound so obtained is never piii’e, and 
its composition in no cas(^ corresponds to deliniU' pivportions. The 
pure l)asic ph§i^)hate is obtained from the preceding by mhistcming 
it with pure syrupy phosphoric acid, and washing it with a great 
excess of water. The ])roduct so ol)taitu'd rtmiains whit(^ on 
ignition. It is soluble in hydrochloric; acid; ferric chloride', and 
in acetate of iron, hut insoluble; in acetic acid. The acid ])hos])hate; 
of iron is pre])are;(l by dissolving the' fre.'shly ])reci]‘)itate'd, aii'-dried, 
basic phosphate in pure, syrupy phos])horic acid. Projee'iiy pi-e- 
pif^'ed, and the water ;‘d)stracted, the' solution has an analogous 
composition to othe'r acid phosphates; it is rose-re'd, and maybe 
converted by means of a large e'xe;e'ss of wate'r into fie'e' phos])horic 
acid and basic phosphate, it likewise; yields a precipitate' on he-at- 
ing. Tartaric, citric, and othe;r non-volatile; organic acids pve'vemt 
the formatioJi of the ])i-e*cipitate; ; minei-al acids only ne)ssess this 
])roperty hut imperfectly. 

7. Tke P]{i>^'phatc!< nj Alununa he'have; in a ge'ue'ral^way like; tlu* 
phosphates of iron. ^ Wavellite, a ciie'stalli/e'd miw)al ])hosphate', is 
a phosphate fif ali^mina. Ke'elonela ph(%e])hate‘, \vtne;h forms an 
important de;])Osit, consists chie-tly of a com[)Ound of this nature, 

The phosphate's just ele'scrihe;el are; mot with in diffe'i-e'nt phol- 
phatic manures, natural or artificial. Tlje inajority of them, such 
as the alkaline and ammonium ])hosphiitv's, are, only re'presenie'd in 
small proportions it is true ; however, enie; (;iwm()t hut a^knowle;dge 
their vast importance from the; point of vie*w of the; mobility of 
phosphoric acid in, the; soil, Jind in the organism. The e^nly phos- 
phams found in pre])onelei-atipg amount in manure's arej the; phos- 
phates of lime, ^^le trihasic phosphates of linX; are; spi ead oveiy 
n^^nierouspointsof the globe/; as will he seen fgrthe'rcii considerable 
deposits of them exist which are; worke'd •oifim?'rcially. Dut these; 
phosphates are mixe;d, witl^ more or fes?; im]>uriti('S, owiirg^ to tlh;ir 
abundance they serve; e;xe;lusively as, raw mav<i#’ial for the; manu- 
facture of phosphatic manures, properly so callCel, whij;h,,are aciel^ 
phosphates of lime, oi- su]>erpliosjiJiafes. 

. Moreover, various industries supply important epia’-atities of 
basic phosph^ftes, obtain e;d as bye-products. \ These; are defivered i?o 
nianure manufactin‘ers, who use them in making superphosphates, 
or they are dispatched direct^ to the farmers (Uisic slag). 



CHAPTER II. 


WflNCIPAL PHOSPHATE DEPOSITS. 

I. Fkance.— ZVt.s* de Calais, Somme, Oise. — -In these departments 
the deposits of phosphates ai e met with in the Cretaceous formation, 
at three distinct levels. These are in ascending ordei'. 1. The 
Gault to which the Eoulogne workings belong. The nodules 
found in these f^eds contain 20 percent of phosphoitc acid. 2. The 
Glauconian* chalk, which foinis the phosphate basin of Pernes 
and of Eauquemherg, with 25 per cent of phosphoric acid. 3. The 
Upper Chalk bed, characterized by Belemnites quadratus, the 
most important of all. The phosphate deposits of Orville, Beauval, 
and Hardivillers are on this horizon. In these workings phosphate 
rich in sand is found in pockets, in the upper chalk, below yu? 
-clay or surface bief (? boulder clay). These pockets, which are 
wrought ver} energidically, are only of limited duration, and are in 
process of exhaustion. Besides the pockets of rich sand, there 
•-exist in the J kdertm it e.^chulk cliffs parts sulliciently rich in phos- 
phate* q/ lime to be worth extracting and treating by one of the 
enrichmejUt processes to be described further on. This phosphatic 
<^ialk, called also “ grey chalk ” (craie tnjfeaii), etc., forms in certain 
points masses (if considerable dimensions. The ])ercentage does 
not exceed 38 to*40 of tribasift phosphate of J.ime. . Below 28 or 
30 per cent of tribasic i^nosphate pf lime, th« chalks are mostly 
considered as of no .industrial value. At Breteuil near Clermont, 
for example, an extreme*ly important bed of this chalk with 32 
per cent of tribasic .phosphate is only partially exploited, the 
•enj-ic^ied product not excee^ling 45 per cent of tribasic pfu^phate. 

1. Som^ne Phosphhte. — TJio jiresence ®f phosphatic chalk in the 
Somme was first observed by Buteaux as far back as 1849. On 
the other ‘Jiand, M. de Mercy discovered in 1803 and 1867 tw< 2 ,^ther 
similar deposits, the one at HardMl^rs near Breteuil (Oise), the 
t)ther ^at HallencoSrt near Abbeville, Soiiime ; hm showed their ana- 
logy with thatR^f BeaitYc^-b and classed them along with the latter^s 
l^jpngii^to the Belemnith /quadratus chalk. The Beauval deposits 
were discovered in 1886 by two geologists, Mferle and Poncin. The 
phosphatic sands qifnat locahty, and its environs, are accumulated 
^n the id^es^ of pockets in the form of reversed cones excavatefl 
in a bed of chalk, filled with small browns- yellow grains of phosphate 
of lime situated at the base of the Belemnites quadratus chalk, and 
resting on the Micra^Xer Coranquinum \vhite chalk. This formft- 
, tion is found therefore about the middle Senonian horizon. The 
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phosphatic chalk is of a bright chamois colour and is known in the 
•distg'ict under the name of gre^i chalk ; its phosj^lioric acid content 
is from 10 to 15 per cent at the point of contact of the grey chalk 
;and th% white, MicraHter, chalk. Tliere is at Orville a discontinuous, 
almost horizontal bed of ])hosphatic nodules of a yellowish- white 
•colour. Some are coloured black on the exteiL*-,“due to a bright 
•coat which would appear to la; manganest' dioxide; they are rareR' 
the size of a small nut and contain 70 to 80 })er ct'iU of ’tribasic 
phosphate. They are agglomerated by a gangin; of white carbonate 
•of lime. The phosphatic sands of tin* Somme contain a rather 
large quantity of the teeth of dogfish, which apjiear to have been 
preserved hy^eir enanut. Niutlu'r fossils nor hitnes at’e found 
thiire, thougli they exist in the JielenniiieH chalk. At Orville, where 
the phosphatic chalk is separated from tl?e Mic raster chalk by a 
bed of nodules, no nodules come from this bed except from the 
bottom of pockets which descumd Ix'low the grey chalk. At 
Leauval, wherci th(‘ Ix'd of noduh's is absent, there is only to be 
seen at the apex of the funnels granulai- hard ])a)’ts somewhat rich 
in*phosphoric acid. The amount of rich [ihospliatic sand in the , 
•deposits of the mnghbourhood of I loulhms, including that of Orville, 
which though situated in tin* (li'partnumt of the Pas de Calais 
•ought to be considered as belonging geologically and commercially 
to the Somme group, has been estimated at about 1 ,500, OOH tons, 
init these deposits are on the road to exliaustion. Sooij, as Olry 
remarks, this region will re-(mt(M- tlui calm of oldim times, and of 
this ei'a of untold riclu's, beyond the fortunes acquired by certain 
privileged persons, there will only r(.-main th(‘. nu' uory aggrandized 
by tradition ot a tiri*e of feviu* and of gaii almost uniipie in French 
industrial annals. Some analyses of the jihqsphates of these de- 
posits are now given. . ■ '' 

TAlUiP Ih-AN.VfiYSRS OF THUHK DlFFEltRNT TYPES OF sgMME 
* ITIOSPHATES. 



7r>-H0 

70-7;'. 

1 ) 0 - or. 


Per ((‘-111 

I’er eeiii 

d’ePeent 

■t • 

Phosphate. 

Phosphate. 

Pli()S])hate. 

a . 

Moifiture at lOO'"* C 



2-80 

Organic matter and combined water . 


- 

— 

Phosphoric acid . . . . ^ . 

lib-oU 

H4 10 

29-10 

Lime ....... 


r)0-01 

41-23 

Oxide of iron 

0-83 

<4-30 

’ ^ ) 4*07 

t)xide of alumina . . ^ . 

()-5() 

0-23 


j\Iagnesia and carbonic acid •. .* 

1P17 • 

— 

CO., 3-05 

Insoluble in acids .... 

• 

■ 0-7'.) 

1-00 


Equal to tribasic phosphate of lime 

77-0‘J 

74-44 

03-53 
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TABLE III.— ANALYSIS OF AVERAGE SAMPLE FROM A FIELD OF 
ORVILLE PHOSPHATE DRIED IN VACUO AT 98° C. DENSITY AT 


16° C. 3*1307. {*1. LASNE.) ' ^ 

Per cent .0 

Sand and clay innoluble in hydrochloric acid . 1*36 

Organic matter and water volatile at a red heat . 3*40 

Soluble siliofc 0*47 

Carbonic acid 3*70 

'SulpliKrio acid (SO3) 0*75 

Phosphoric acid 33*86 

Lime 47*54 

Magnesia 1-20 

Alumina * 1*70 

Oxide of iron (Fe.^O,) 1-22 

Calcipm fluoride 4-65 


‘)9*85 


TABLE IV.— BEAUVAL PHOSPHATE DEPOSIT. ANALYSIS MADE BY 
NANTIER AT THE DATE OF DISCOVERY. 

« 


Phosphoric acid . 



Per cent. 
30*89 

Lime 



45*33 

Carbonic acid . 



2*04 

Fluorine . . • . 



1*60 

Sulphuric acid . 



1*84 

F^^oxide of iron 



0*50 

Alumina . 



0*32 

Magntjsia . 

Silica* * fc. * 



0*16 



0*38 

Organic matter 


i 

. 2*26 

Water . . f 

. ^ . 

• 

15*99 




101*31 


Which correspond's before drying to a content of — 


• • • 

Phosphate of lime . . . 67*43 

Carbonate of lime 4*60 

' Cftjcium fluoride 3*24 

,, sulphate . . . ■» *, . . . 1*43 


Drying raj^ies the phosphate of limb contenf of this product to** 
80 per cent. • • * 

* FfBi (ie Calais Phosphtites . — The j)hosphate bed situated be- 
tween the Gault the Greensand extends over vast tracts. In 
the Pas Calais it forms the prolongation of deposits recognize^ 
Tn England as of the same stratigraj^ical horizon in the counties- 
of Kent,. Sussex, and Surrey.* There fs reason also to assimilatie 
ifr with the geological Ijorizon exploited in the Ardenties and in the 
Meuse. It was in the Pas de Calais at Wissant that Berthier fi^bt 
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discovered in France the presence of phosphate of lime in nodules, 
f^moygst pyrites being wrought . at the base of the Gault clay for 
the manufacture of green vitriol. The stony, mfPtter mixed with 
the pyrites yielded on analysis 57*4 per cent of phosphate of lime. 
Later tn, Dr. Turner discovered phosphatic nodules in the Gault 
at Lottinghem-. Finally, the investigations of ^«ugy„ Desailly, 
-and de Molon in the Ardennes, from 1852 to 185(?, having drawn 
public attention to the phosphates of the Greensand ^.ttiesa were* 
not long in being exploited in the Pas de Calais, which has since 
become one of the principal centres of production. The nodules or 
lumps of this bed to which the name of coquins are jstill given, are- 
generally rouncWn form smooth or mamillary. Tlieir siz# varies 
from that of a nut to that of the fist. They are grey or brown on 
•the surface, with sometimes a bluish, sometimes a greenish cast.. 
In the interior they are dark brown or black. Some of them are 
penetrated by iron pyrites, glauconite, gypsum, or quartz. In the 
Pas de Calais they are consolidated by an argillaceous cement con- 
taining 25 per cent of glauconitic sand, which makes a sort of con- 
gl(5hierate, of which the mass is formed of 35 to 40 per cent of 
nodules, and 60 to 65 percent of argillo-silicious matter ; sometimes: 
shells, woody fragments, coniferous fruits, dog-tish teeth, fish bones, 
and crystals of carbonate of lime, are found therein. The bed of 
;iodulcs is fairly regular ; its thickness varied from 6 to 8 inches. 

Chemical Composition of the Pas de Calais Nodvlcf ^. — The 
chemical composition of the nodules varies, as two analyses by 
Delattre show.^ It follows from these analyses that the Gault^ 
noddles consist essentially in the l^as de Calais^ df jJliosphate of 
lime, carbonate M lim^ fluoride of calcium, ^lay, sand and glauconite, 
the whole associated with a certain proportion of organic matter, 
about O’ 10 per cent of nitrogen (ammotiiacaj) ; ffhe glaucftnite bring# 
also a certain amount of potash. The extent believed to be exploit- 
able in ihe bed situated at the base of the* G^ult clay is estiinated 
at 600 hectares, say 1500 acres, in the Boulogne district^ At tlie 
base of the Cenomanien formation or Glauconitic chalk, there are 
•in cerj:ain localities In the Pas de Calais workable beds of phosphate 
of linl^. Also, in the district pf Audincthem, Dennebroeucq and 
Reclinghem, and ii^ that of ll^chin, Febvin-Palfiart, N^doncljelle, 
Bailleul-les-Pernes, Aumerval and Pernes-en-Artois, ^t a short dis- 
tance from the coal basin. The bed of pbp8fpti»te has a thickness 
of 5 to 10 inches ; the noddies are gi^eftish, rather large«Rnd ag- 
glomerated by a sandy clay. They ar^ more kijible than those of 
tl^ Boulogne district, and yield, on washing, abcwt 25 p^i#cent of 
by-products. They contain.fpom 60 to 60 per cent of phosphate of 
lime. 


See Table V, p. 18 . 

2 
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TABLlfc V.— ANALYSES OF PAS DE CALAIS PHOSPHATES. 

* c Phosphate. 



Nabringhem. 

Fienkes. 

Moisture at 100° Cl ... . 

1-40 

1-40 - 

Master volatile at a dull red heat . 

5-60 

' 5-30 

Phosphoric acid (1) . . . . 

23-52 

20-72 

Sulphuric aoiid 

1-06 

0-89^ 

Carbonic acid' (2) 

4-30 

4-20 

Fluorine (3) 

i-to 

1-83 

Libae 

.34-77 

33-71 

Magnesia 

0-04 

traces 

Alumina 

3-53 

3-25 

Oxide of irou 

3-19 

3-15 

Sili9Ji 

20-6frJ 

25-20 


99-91 

99-65 

Deduct oxygen equal to the fluorine 

0-80 

0-77 


99-11 

98-88 

Undetennined and loss 

0-89 

1-12 

Total ..... 

100-00 

100-00 

(<(1) Equal to tribasic phosphate of lime 

51-36 

45-23 

((2) Equal to carbonate of lime 

9-77 

9-54 

(3) Equal to calcium fluoride 

3-90 

3-76 


Meu^e^ Ardennes and La Marne Phos 2 )liates . — The phosphates 
exploited in this district come almost entirely from the base of the 
cretaceous (Greensand). This formation forrhs almost a continuous 
zone which extends over 187 miles from the department of Ardennes 
as far as Yonne, crossing those of la Meuse, la Marne, and the 
Haute Marne ar4 Aube. It consists mostly of one, sometimes of 
two beds of nodules of ^ hosphate of lime, of a thickness of 6 to 8 
inches, but in certain districts it thins out so much as to be 
iio longer workable, the phosphate disappearing entirely, or not 
existing in sufficient quantity. The existence of Greensand nodules 
in les Ardemus was first pointed out in 1842 by Sauvrge and 
Bauvignior, and their chemical composition was determined in 
1852 and 1853 by Meugy. The first extraction works were under- 
taken by Desailly in 1856 and are still in existence. But, in a 
general way, the works are very unstable, the sheds being removed 
as soon as the dead ground becomes too powerful, or the nodule bed 
thins out. The M^use nodules have much the same appearance 
,and composition a^i those of the Boulogne district ; their phosphoric 
a6id content generally varies from lA to 20 per cent ; it rarely 
■exceeds the lattei/ limit. Sometimes they are small, sometimes 
they reuch or exceed the size of an ostrich’s egg ; they exhibit ir- 
regular contours into the spaces between which a green argillaceous 
sand penetrates, which necessitates their being broken in bulk so as 
to clean them. At other times the phosphate of lime instead of being 
in lumps isolated in the sand assumes the form of a conglomerate 
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with a sandy cement known under the name of Cras^ns, TRese 
^rassins are very difficult to clean, and yield products poor in 
phoiphoric acid. A sample of ilbdules from the neighbourhood of 
Grandpr^, analysed at the Bureau d'Essais Se V&cole des Mines, 
had the following composition : — 


TABLE VI.— ANALYSIS OF MEUSE PHOS^ATES^ 

* Per cent. 


Clay and quartz 
Alumina and oxide of iron 
Lime . . . . 

Phosphoric acid 
Carbonic acid 


140 
25 -5 
32*5 


17-5 

9-0 


Total 


9^5 


Other and more complete analyses hftve been published by 
Delattre. The folloVing are quoted : — 


TABLE VII.— ANALYSES OF VARIOUS PHOSPHATES IN THE MEUSE, 
ARDENNES, ETC., DISTRICTS. (DELATTRE.) 


Source of the Pho3}.hate#. 


- - 

— 

.... 

, . 

.. 


Lea 



(die.suors 



Doraba^e. 

Craudpre. 

or 





Hoo^ourt. 

• 

Moisture at 100'^ C, . 

1-90 

1*75 

2*20 

t 

2*15 

Matter volatile at a red heat 

5 05 

4*80 

.4*55 

3*75 

Phosphoric aci(J 

18-7# 

18*23 

• 19*57 

16*69 

Sulphuric acid . . • . 

JL'20 

4^*79 

0*85 

0*79 

Carbonic acid .... 

•4-80 

4*50 

5*80 

4*70 

Fluorine 

1*48 

1-31 . 

1*6(» 

1-75 , 

Lime 

29*23 

27*66 

31*81 

26*88 

Magnesia 

0*39 

traces. 

0*36 

traces 

Alumina 

2*57 

2*30 

3*36 

8*47^ 

Oxide of iron .... 

5*40 

5*83, 

4*89 , 

3*77 

Silica . . . . * , 

1 28*74 

% 32*06 

24*80 

37*16 

• 

; 


-! 

• 

4 

99*56 

99*23 

99*96 

100*11 

Deduct oxygen equa4 to fluorine 

i 0*62 j 

0*55 

• 0*69 

. 0*75 ^ 



I # . .. 

• 




L • * 1 




98*94 

r •98*68 

99*16 

1^ 99*3« • 

Undetermined and loss . * . 

1*06 

L 

0*84 

0*62 

• j 



•t 

% 

Totals . . . •.*! 

100*00 

100*00 

ioo* 5 o 

100*00 r 

Equal to phosphate of lime 

40*90 

39*79 

42*73 

• 36*43 

|)qual to carbonate of lime 

10*90 

10*2§ 

13*18 

• 10*68 t 

Equal to calcium fluoride . . | 

3*05 

2*70 

3*40 

3*59 
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TABLE vill;— ANALYSIS OF ARDENNES NODDLES. (MAEET'AND 
DELATTRE.) 


, 

Per cent. 

Moisture . » . 

2-20 

Organic matter .... 

3-35 

Carbonic acid .... 

4-60 

Sulphuric acid .... 

0-75 

Pfiosphouit acid .... 

18-35 

Fluorine 

1-37 

Lifiit 

27-52 

Magnesia 

0-08 

Alumina 

2-37 

Oxide of iron .... 

5-20 

Potash Soluble in nitric acid 

. . . 0-99 

32-42 

'Silica . • 

c 

99-20 

Deduct oxygen equal to fluorine 

0-57 

98-63 

Undetermined and loss 

1-37 


100-00 

Carbonate of lime 

10-45 

Phosphate of lime 

40-08 

Calcium fluoride 

2-81 

Nitrogen 

0 084 


Thfep analyses show that the Meuse and Ardennes nodules are 
similar iritcomposition to those of Boulonnais and the neighbourhood 
qf Pernes-en-Artois, which is quite natural, both being of the same 
origin and si^ua/’ed at almost the same geological horizon. 

4. Cote d'Or Biiosi)hates , — As far back as 1822, Det Bonnard dis- 
covered near St. Thibault^(C6te d’Or), in a cutting of the Burgundy 
Canal, greyi^sh-white* nodules which contained, according to an 
analysis by Berthier, 74 per cent of phosphate of lime. These 
nodules associated with grains of ammonite were impasted in a 
mass •of brown clay, 'but at that period little importande was 
attached to“ the discoVery, and it was only in 1872 that Collenot 
re-discovered them in excavations made on the line of the railway 
from Oravant to Laumes. He collected samples which Geo.rges 
Ville found to contain 60 to 64 per c*feut of tribasic phosphate. In 
1873-4 this formation was examined by Poncinjf'who immediately 
profited therehj^. It o^as thus that towards the end of 1876 the 
j^hc^sphat^ works of Auxoife ^ame into being. The horizon exploited 
belongs to the Lower Lias of Burgundy it is situated towards the 
summit of^ the gr'^p^hesis arqu^es (? gryphea incurva) limestone 
^one witfi ^vvmonites Stellaris. ^Towards the top this limestone* 
*is rich in soft, almost friable phosphatic rfodules, which are enclosed 
in the mS-rly mass, th^ whole forming a mixture, the phosphate 
content of which varies from 30 to 45 per cent. The phosphatit 



PEINCIPAL PHOSPHATE DEPOSITS 


21 


limestone is known in the district as “calf's liver" {foie de veau). 
fit not workable in the natural state owing to its irregular com> 
position, but over large stretches the gryphe» limestone has been 
altered and dissolved by the surface water which has left in dn situ, 
as an insoluble residue, an argillo-ferruginous mud in which the 
phosphate bed is represented by a layer of nodal^ cemented by 
a gangue of a similar nature. In such conditions the phosphatg 
nodules may be exploited, for it is easy to separate thfem frt)m the 
substance with which they are mixed, by drying and sorting, followed 
by washing. The thickness of the bed varies from 10 to 20 cm. 
(4 to 8 inches), jjjLit this thickness sometimes reaches 30 and even 40 
cm. (12 to 16 inches), whilst elsewhere the bed is lost completely and 
ceases to be exploitable. The nodules are irregular ifi shape and 
greyish-white or yellowish; they are softf almost friable. Their 
fracture shows grey spots with some blackish veins. Their size 
varies from that of a hazel nut to that of the fist. They generally 
have rounded edges, exhibiting a more or less angular shape. The 

TABLE IX.— ANALYSES OF AUXOIS niOSPHATES. (DELATTRE.) 



I. 

JJ. 

III. 1 


Per •»M)t. 

Per 

Per cent. 

• 

Water at 100 

2-10 

1*00 

1*20 1 

Matter volatile at a red heat 

2*10 

2*50 

2*50 ^ 

Phosphoric acid ^ . 

27 -OO 

•28 

29*71 

Sulphuric acid • 

traces 

• 0*17 

0*17 

Carbonic acid . T . . . 

^ 2-60 

2*50 

2 20 

Fluorine 

1-75 

2*40 

1*55 j 

Lime 

'6ryH\ 

37*1^ 

38*08 • ! 

Magnesia 

traces 

0*18 

traces 

Alumina • 

• 240 

2*47 

2*03 I 

Oxide*of iron 

7-35 

7*24 

V44 

Silica . . * . i 

% 

IH-dO 

14*40* 

14*20 

• 


• 

• 

^ • 

99*20 

99*97 

99*09 

Deduct oxygen equal to the fluorine 

0*75 , 

, 1*01 

0*05 

• 



• 4> 


• 

• ' i 



, •98*47^ 

98*90 J 

99*04 . 

Undetermined matter and lo.sg . 

• 

1*53 

1*04 i 

• O*#)* 




i 

Totals . . . . 

100*00 

10(V00 1 

100*00 

Equal to phosphate of lime * . 

59*07 

02*41 j 

64*85 

Equal to carbonate of lime .... 

r^*90 , 

1 5*08 ] 

; 5*00 

flqual to calcium fluoride .... 

3*59 ! 

1 

4*94 1 

3*10* 
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mass contains 20 to 25 per cent of nodules, and 75 to 80 per cent 
of mud. The thickness of the nvid or clinker which covera-the^ 
bed IS very variaole,*^ to 3 metres (20 to 120 inches) at the most. 
The Apxois nodules contain 27 to 30 per cent of phosphoric acid, 
equal to 59 to 65 per cent of tribasic phosphate of lime. The 
results ofithrefe^^alyses by Delattre are given in Table IX (see 
previous page). 

According to the French mining statistics of 1887, the approxi- 
mate extent of the Cote d’Or phosphate deposits is estimated at 5000 
hectares (12,500 acres), containing 1,500,000 tons of that product. 

5. Cher Phosphate . — Beyond the districts desc^ed, a bed with 
nodule8C'15 cm-, to 20 cm., say 6 to 8 inches thick, situated m the 
upper Albin, has lately been wrought in the department of Cher. 
These nodules, of a yefiowish-white colour and sometimes loaded 
with silica, are associated with white quartzose sand and gravels in 
the proportion of about one-third. They contain only 14 to 16 per 
cent of phosphoric acid. They are hard, and hence difficult to 
grind, and their freight was heavy owing to the great distance frqm 
a railway station. They were wrought exclusively in the open air, 

‘ within the radius of Vailly sur Saldre, then after having been 
washed on the spot, they were ground and dispatched. The irregu- 
larity of the deposit, the poor phosphoric acid content of the nodules, 
their great hardness and the heavy cost of freight, rendered these 
workings expensive, and they were abandoned. 

6. Qitercy Phosphates (Lot and Neighbouring Departments ). — 
Fhosphate deposits occur over a wide area in Quercy. The phos- 
phate occurs in concretions im the form of big pockets or vertical 
veins in the limestone (ofiusses) belonging to *che lower oligocene. 
They are found only in the high limestone plateaus which have 
boen traversed by the fresh waters of the eocene, and almost always 
in the immediate neighbourhood of tertiary ilots (outliers) left on 
the spot. These outlieTs never exceed 350 metres (1148 fee^ high, 
anS it would be useleos to seek for phosphate pockets on Jurassic 
plateaus of greater altitude. ' The pockets are very variable ; some 
have a*diflbmeter of 35 metres (115 feet), others are crevass^^'of 3 
to 6 metres (10 to 20 feet), following a straight line over 90 metres 
^say 300 feet). Ah the known pockets end in a point at the bottom, 
and widen neair the sq^face. The irregular nature of these deposits 
seems to form an obstacle to their development. Their high phos- 
^h6rio aOid content apparently led to. a multiplication of badly 
organized works which ceased to be self-supporting when it was 
necessarj '^io go 'deeper. These phosphates are chiefly used in 

^.i^iihe manufactfire of supexphosphtites to.^ increase the percentage of 
phosphates, so as to bring them to the commercial standard of 15 
to 16 pef cent of pho^sphoric acid soluble in ammonium citrate. 
Their average composition is as follows : — 
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TABLE X.— ANALYSIS OF QUERCY PHOSPHATES. 


• 

Per cent. 

Water and organic matter . * . 

5-31 

Phosphoric acid .... 

. • . 35 33 

Lime 

48*72 

Carbonic acid 

3*42 

Sulphuric acid 


Fluorine 

. • — 

Magnesia 

oas 

Oxide of iron 

f-24 

Alumina 

2-78 

Insoluble ...... 

212 


'lOOOO 


7. Gard and Ardeche Phosphates . — The Gard deposits are 
v^hiefly phosphorites, the formation of which\ias been contemporane- 
ous with those of Quercy. They are found in irregular excavations 
amongst the compact limestone of the Urgonian age. The workings 
are underground. The chief producing centres ar*e on the lands of 
tke communes of Tavel and Lirac. Jhere are also deposits of 
nodules in Saint- Julien-de-Peyrolas and Salazac, also in the de- 
partment of Ardeche at Saut-de-l’Eygue, la Kousette, Beyne, etc. ' 
Production almost nil. 

8. Drdme and hire Phosphates . — In D?^)me they chiefly work 
the Greensand nodules at Saint-Paul-Trois-( 'bateaux in the district 
of Monteliraar. The content of these nodules does not^exceed 55 
per cent of tribasic phosphate of lime ; it averages 45 per cent. Tlj^ 
workings, which are unimportant, are solely in t^e^pen air, and 
consist of scojening the nodules ftnd scrubhinff them in water to 
separate adhering sand. In Ifj^re therd'are fossiliferous and phos- 
phatic beds (Gault) of great regularity, but th^ rock is sometimes so 
compact that the nodules cannot be washed and enriched by simple 
economic means, such as screening and scymbbing, which are the 
only ifiethods that can be applied to materi3,l so poor in value. 

9. Pyre'nees or Thesef phosphateps, described 

by Dr. Levat in* a memoir presentecl to the Academy of Sciences, 
form 'a vast bed developed in the valleys of Bonnes, Luchon, Salat, 
in the neighbourhood of Pmfles, ascending towards the north in 
les Corbi^res as frfb as the environs of Cannes, f’yrenees or Arieg^ 
phosphates have a brilliant black appearance ^lecallin^ that of anthra- 
cite. The composition of the bed i^ cji^tracterized in its rich parts 
by numerous black, brillismt, usually flattened nodules c^sisting of 
^almost pure phosphate of lime, testiRg 65 to*7ft per cenjb of tribasic 
’phosphate of lime. The gangue encrusting these nodtil^s is itself 
.phosphatic. Moreover, there has been found in it an importaifiip' 
amount of organic matter containing org^ic nitrogen in the pro- 
{)Ortion of 11 lb. per ton. The thickness oi the bed reaches 8 to*10 
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mefres (26*to 33 feet). The nodules are concentrated sometimes 
on the roof, sometimes on the wall of the deposit. ® 

II. Belgiuiv^. — About 1874, CcJrnet discovered at Mesvin and at 
Ciply near Mons, below the landenien sands, a bed 8 to lOrmetres 
thick ©f brownish, friable, slightly coherent chalk containing 75 per 
cent of brown grains of carbonate and phosphate of lime, the largest 
of which 'are ncf bigger than a pin’s head. This speckled chalk, 
^nown in |ihe district as brown chalk (craze bruzie), contains 25 to 
30 per cent*bf tribasic phosphate, with a slight enrichment at the 
base. It occurs at a higher level than the Beauval chalk. In the 
upper part it exhibits pockets, in which there are found masses 
of pudding-stofie called 'pozidirujue de la Malogne, contisting of brown 
coloured nodules containing 50 per cent of phosphate, cemented 
together by a calcareoi:j.s paste. These nodules have an analogous r 
composition with the brown grains. The calcareous tufa of Maest- 
richt, itself phosphatic, rests on them. Other pockets, containing 
a chestnut-coloured phosphatic sand, like a highly ferruginous sand, 
tests 60 per cent of tribasic phosphate. This sand, which coats 
the sides of the excavations, is only about 30 cm., say 12 incbfes 
, thick. It consists of the same small phosphatic grains that are 
met with in the brown chalk. The x^hosphatic chalk of Mesvin 
and Ciply, like that of Somme, is not commercially utilizable in its 
raw state, but its extreme friability, and the facility with which the 
phosphatic grains are detachable from their chalky enveloi)e, enable 
it to be enriched and to bring its content up to 50 and even 60 per 
^ent of phosphate. It suffices to jmlverize it and to submit it after- 
wards to an ascending current of air which removes the chalk dust 

TAJiLE XL— ANALYSES OJJ CIPLY PHOSPHATES. 


i. ♦ 

r 


'■ 

11. 

111. 

IV. 

A 





0 

mter . . . .^ . 


0-65 

0-80 



1-40 

Organic mafter . . ... 


iPOO 

2-.i0 

2-12 

1-90 

Phosphoric acid .... 


18-68 

2-2-14 

24-69 

26,-29 

Sulphuric ncid .... 


0-01 

— 

— 

■i-61 

Lime 


• 49-90 

50-72 

50-81 

51-98 

Carbopic acid . < . 


18-40 

15-7Q., 

15-06 

12-80 

•Magnesia . . 


0-59 

— 

— 

0-67 

Oxide of iron anfi alunyj^''.., • 


2-28 i 

1-72 

1-31 

0-86 

Insoluble . . . * , 

Un*determliied .... 

4) ♦, 


5-20 

8-30 

1-23 

0-74 


1-S9 

8-62 

1 5-28 

1-75 

#• 

/; Totals 1 . . . 


100 -po 

1 

! 100 00 

100-00 

100-00 

1 'Equal to tribasic phosphate of lime 


40-72 ! 

48-25 

53-82 

57-39 

Equal to carbonate of limej; . 


41-81 

85-64 

- 34-24 

29-09 
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and leaves the small heavier phosphatic grains, or to roast it slightly 
afid tjp wash it in mechanical preparaijion plant. Other important 
phosphatic deposits occur in the district of Li«ge, at Rocour, 
Yottem,*Hesbaye, on the right bank of the ^leuse. It likewise 
occurs at Liers, Voroux, Milmort, Ans and Monteguee. * 

TABLE XII.— ANALYSES OF LIl^GE PHOSpflliWs. * 



I. 

• • II- 


Per cent. 

Per cent 

Water 

0-98 

0-85 

Chemically combined water . 

2-88 

2-58 

Phosphoric aciC> 

27-20 * 

25-08 

Carbonic acid 

8-10 • 

:^00 

Soluble silica 

0-80 

• 0-75 

Lime 

. • 40 -(11 

88-01 

Magnesia 

0-79 

0-81 

Oxide of iron and alumina 

2-89 

8-80 

Calcium fluoride, calcium sulphate, etc. 

5-98 

4-40 

Insoluble 

lo-84 • 

21-27 


Ml. England. — True coprolites or fessil excrements rich in 
phosphate of lime in the form of more or less rounded lumps, 6 to 
20 cm. (2^ to 8 inches) in diameter, are found in l^^ngland in the 
Lias marls, chiefly at Lyme Regis. The interior is earthy like 
hardened clay, but amongst these there can btft’oadily distinguished 
the teeth and the bones of the fishes and reptiles which served as 
food to the saurians of the epoch such as the ichthyosau^iis, the 
pleiosaurus and the teleosauvus. Coprolites have been found at 
the mouth of the Severn near Bristol 

TABLE XIII.— ANALYSES OI’*LYME REGIS COPROLITES. 

(THOMPSON HERAPATH.) - 



I. 

II. 


* ^er cent. 

Per cent. 

Water 

Organic matter 

• * 1 G-182 

2-97() 

• 2-001 

Sodium chloride and sulphate 

trac(!H 

— 

Crifrbonate of lime 

28-074 

28-1*41 

Carbonate of magnesia . . , . 

— 

0-428 

Sulphate of lime .... 

l-g77 

0-021) 

Phosphate of lime * . . 

(>0;7r)9) 

58-990 

Phosphate of magnesia . 

. *t races /• 

Phosphate of iron 

. • ^ f 057 

0-182 

Phosphate of alumina . 

. *. traces 

lfr-270 

I’erric oxide 

• . ' 

— 

Alumina 

. . traces 


Silica, calcium fluoride, and loss . 

1-552 

• 

• (7-738 


* Nitrogen 
' Density . 


0!P305 
t 0-082 
2-700 


95-789 
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TABLE XIV.-ANALYSES OF CAMBRIDGE COPROLITES. 



* 



Per cent.^, 

Moisture* % 




8*00 

Organic matter 




3*06 

Silica 

. 



9*00 

Phospl^te of lime . 




77*70 

Carbonate of lime . 

« 

• 




2*30 

100*00 


TABLE XV.—ANALYSIS OF SUFFOLK COPROLITES. 


Per ce7it. 


Combiped water 10*00 

Sand, oxide of iron 21*00 

Carbonate of lime 10*00 

Phosphate of lime 56*00 

Calcium fluoride, sulphate^ and alkaline chlorides . 3*00 


100*00 


As far back as 1848 ^antediluvian bones were dug out of^th& 
Suffolk and Norfolk Crag. The upper Norfolk Crag contains- 
fossil bones of the elephant, rhinoceros, ox, etc. They are found 
mixed with sand and gravel at a depth of 70 to 80 cm. (27 to 31 
inches). The samplp^s from the bone bed in the neighbourhood of 
Sutton (Suffolk) are sometimes spongy and friable, sometimes 
fibrous ^and resistant. The latter readily take a fine polish, and 
their porosity can only be seen under the microscope. Their 
analysis giyes„the following figures : — 


» . 

TABLE XVI.— ANALYSE! OF FOSSIL BONES ^^’ROM SUTTON BONE 


BE*0. 

I. 

Ib 


Per cent. 

Per ce7it. 

Water extracted at i50*C. to 170° C. 

3*361 

2*912 

\Vater and organic matter volatile at a 


• 

rod heat . • . 

4*351 

3*361 

Carbonate of lime . . * . 

27*400 

26*800 

Cfirbonate of magnesia .... 
Sulphate of lime . . . , . 

0*371 

0*286 

0*514 

trifces 

Phosphate of l^me combined with a little 
* phosphate of magnesia 

«9*632 

59*966 

Phosphatetjf irdn ^ 

6*600 

4*800 

Phosphate of aluAimt* c . 

3*400 

4*638 

Calo^na fluoride . ! * . 

3*617 

undetermined 

Silica . • , • • • • * 

t) «« * 

0*626 

0*098 

* • 

99*872 

99*861 ‘ 

Nitrogen ih 100 parts ... . * 

0*1244 

undetermined 


^ Two other samples from the same locality intended for super- 
phosphate manufacture, yielded 58’61 and 62 per cent of tribasio 
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phosphate of lime. Besides these deposits of phosphorites, result- 
ii!^ frtm the burying of bones, pljosphorites are also found in the 
county of Suffolk, at Felixtowe, Sutton and Waltpn • these deposits 
are 20 fhches deep. The phosphorites occur there as brilliant 
black nodules, exceedingly hard, and were formerly used as pebbles- 
for read-making. Their composition is as follows 

TABLE XVII. -ANALYSES OF SUFFOLK, ETC., COPllOt^lTES. 

Per cent. Per cent. 

Water and organic matter 

Tricalcic phosphate 

Carbonate of lime . 

Silica .... 

Oxide of iron . 

Oxide of alumina . 

Fluorine 

Finally, deposits of pseudo coprolites are found* in the Welsh 
Cambrian and Silurian systems at Mowdry, Pennyganedd, and at 
Beroin. But the English superphospliate industry has almost 
entirely ceased, owing to the competition of other countries that 
possess more readily workable deposits. (See Table, p. 54.) 

IV. Sweden and Norway. — Sweden. Apatite with 36 to 41 
per cent P 2 O 5 is found in quartz at Horesjobera. • 

Norway . — In the Kragero schists, near (Jhristiaiiia, hlfewise 
in the granite and gneiss, crystalline appatite is met with althougl 
rarely in crystals. Its colour is yellowish- white or^ gij^enish-grej 
or red. The crystals have the following compositi#)n : — 


4-0 

70*9 • 64 

10*28 • Id 

5*79 • — 

« — 5 

— 4 

_ 
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Bohemia, at Kostic and at Teplitz, the composition of which is 
as follows : — * , 

TABLE Xix!— ANALYSIS OF BOHEMIAN PHOSPHATES. 


Per cent. 

Phosfihtric acid 15*15 

Lime 32-62 

•Cjirbonio acid 12-95 

Sulphuric acid 0-82 

Calcium fluoride 3-51 

Magnesia . 1-04 

Oxides of iron and alumina . . . 5-17 

Silicei 2-14 

S^nd 26-14 


t . . . • 

Moreover, vast deposits of phosphorite are found in Galicia and 
Bukovina, which are connected with those of Central Bussia, as 
will be seen further on. 

VII. Euss’ia. — There are two deposits of phosphorite in Bussia 
of considerable extent, , one of which, part of Podolia, 50G^000 
hectares (1,250,000 acres), and of Bessarabia, 70,000 hectares 
(175,000 acres), extends into Austria. Its most important centre is 
in the basin of the Dneister, between St. Urzica and Nozileu. The 
phosphorite is found^s nodules with a smooth and polished surface, 
rarely rugose or exfoliated, sometimes greasy to the touch and 
resembj^ing polished cast-iron, 2 to 2^ inches in diameter ; some are 
3 inches in diameter. Their composition is as follows : — 

* • • 

TABLE XX.-tiNALYSLJ OF RUSSIAN PHOSJ^HORITE NODULES. 


• 

Per cent. 

PhoHphate ot lime .... 

75-00 

Carbonate of lime up to . 

12-23 

Calcium fluorMe * . . . . 

6-98 

Sulphate of lime .... 

1-60 

iMiosphate of^magneKia up to . «. 

1-30 

Oxides of iron and aliftnina 

5-00 

Organic matter ..... 

1-00 


• * 

The richest *nd most extensive phosphatg deposits are those 
•of Central Bussia. They occur chiefly in the governments of ^ 
Podolsk, Ko^rom«,1S*n^lensk, Koursk, Woronesch, Simbirsk, Tam- ' 
ibow, an^ on the banks of ^h5 Volga, from which they trend towards 
the West as far Niemen ; they occupy a surface of 20,000,000^ 
hectare *(50, 000,000 acres). The richest deposits consist in part of 
phosphate of lime, mixed ‘with organic matter. According to a 
recent announcement it has been found that the building-stone 
.used in ‘the whole di^rict is nothing but phosphate of lime. That 
is a highly interesting fact. The phosphorite contains : — 
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TABLE XXL— ANALYSIS OF CENTRAL RUSSIA PHOSPHORITE. 


• 

Per cent. 

Water 

. • 5-10 

Phosphoric acid 

Lime 

? 27-45 

4B-00 

Carbonic acid . . . . , 

4-60 

Oxide of iron .... 

. . »-40 

Oxide of alumina . . . , 

. •l-Oi) 

Sulphuric acid 

1-04 

Fluorine 

0-4? 

Silica 

IB -82 


These immense deposits are not utilized. They to all ap- 
pearance destineJ* to form the reserve from which Eiiropi will 
draw when the deposits now being utilized will be cxhaustted. 

• VIII. Spain. — There exist in the province of Estremadura ex- 
tensive phosphate deposits, forming well-defined veins. At Log- 
rosan the veins occupy a space of 12 to 20 square miles traversing 
the granite and the Silurian schists and contain only phosphate 
and quartz. The phosphate is apatite. It occurs as regular, 
generally dull hexagonal prisms of a yellotvish or greenish colour, 
and unequal. It is found in its gangue first as more or less 
voluminous, crystalline fragments of 0*2 to 1 inch in length, then 
as crystals almost invisible to the naked eve. a!ul distributed 


TABLE XXL (a).— ANALYSES OF SAMPLES OF ESTUAMADFRA 
PHOSPHATES. 



• 

Apatite ex- 
tracted from 
Granite. 

si 

Phtfipliorito 

Fibrous 

Earthy.^ 

E 

rt '"I 

g* 

^ 2 • 
w* S 



Crystallized. 

Crystalline. 

o E 
.c o 

6 

Ektracted 
from Schist. 


Phosphori 
extracted fr 
ston 

• 

2 ^ S 

O V 


• 

Water . 



• ^-25 

0-16 

0-05 

0-85 

• • 

0-90 


Iricalcic phosphate 

93^2 

89-68 

78-16 

87-21 

74-4(^ 

80-77 

79-46 


Calcium fluoride . 

6-44 

5-38 

2-18 

8-00 

3 'Ob 

J.-03 

4-53 

• 

; Calcium chloride . 

0-31 

— 

0-16 

— 


traces 

0-06 


Carbonate of lime . 



— 

11-30 

.1-4^ 

20-46 

17-00 

13-64 , 


Sulphate of lime . 



• 

0-92 

traces 

traces 

traces 

traces 


•Silicic acid . 

0-30 

1-90 

5-60 

^-00 


0-10 

0-20 


Oxide of iron 

— 

1-15 

1-10 

0-84 

0-60' 

o 

o 

% 0-90 


Oxide of alumina . 

— 

1-30 

. traces 

traces 

— 


— 


Manganese dioxide 

— 

0-39 

traces 

traces 

traces 

0-17 

traces 


Undetermined 

• 

0-13 

0-15 

0-34 

0-64 

,0-42 

• 0-33 
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through the magma of the rock. The Caceres deposits are more 
-extensive, but the material^ is less rich in phosphoric acid. The 
veins traverse a compact limastone regarded as Devonia^i, a^d 
disperse themselves in the subjacent schists with thinning^out zones 
in contact. Phosphate veins also occur in Silurian schists 
which extend to the north of Alcantara, province of Caceres, of 
BadajoE, Efsv«5, Zarza Mayor, Albala, Montanchez, Maj’adas, 
Malpartjda, Ceclavin, as far as Portalegre and Morvao in Portugal. 
The* size (5f the veins varies from 20 cm. (8 inches) to 8 metres (25 
feet). The phosphate and the containing rock are of the same nature 
as at Logrosan. The composition of Estremadura phosphate varies 
very considerably, as the very complete analyses^? Schucht repro- 
duced on previous page show. (See also p. 52.) 

IX. North America. — There are four centres of phosphate 
production in North America, viz. Canada, South Carolina, Floridk, 
Tennessee. In addition to these, deposits of less importance occur 
in North Carolina, Pennsylvania, Massachusetts, Indiana, Kentucky, 
and Alabama.’ 

Canada . — Deposits of apatite, crystallized in pockets ai)^ in 
veins, are wrought in Canada. The pockets of apatite are met 
with in beds of pyroxenite of variable magnitude but of great regu- 
larity in stratified conformable layers in the gneiss. The paleozoic 
limestones on which^this gneiss lies are of the Laurentian age. The 
gneiss is itself pierced by numerous crystals, of apatite. Apatite is 
foun^ jn the province of Quebec, at Templeton, Buckingham, Port- 
land, Egonville, Lievre-river ; in the province of Ontario, at Leeds, 
Lamarck, F^ntenac, Addington, Kingston, Perth, and Eenfrew 
County. The most important deposits are those of North Burgess, 
South Burgess, and Notth Emsley in Lawrence Cfounty. 

The following are three an^yses of Canadian apatite by Dr. 
Voelcker 


MoisWire, water ofrcombinatioti 
and loB8 on ignition • 
Phosphoric acid * . 

liiide ’ 

Oxides of iron and alumina, 
► fluorine * . 

Silica « .* . 


1 Equivalent to tri basic phos- 
phate of lime . 

^Excess lime over the amount 
! required to fo|m tribasic 
phosphate 


I. 

II. 

• III. 

0-62 ' 

0*10 

0*11 

33*52 

41*54 

37*68 

46*14 

54*74 

51*04 

7*82 

• 3*03 

6*88 

11*90 

0*59 

4*29 

100*00 

100*00 

100*00 


73*15 

90*68 

82*26 

6*60 

5*60 

6*4? 
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The utilization of Canadian phosphates is embarrassed not otfly 

the depression more or less transitory in the price of the material, 
but fiftther and still more by the •irregular mode (jf occurrence of 
the deposit, and the obligation created by the dearness of freights 
and the tariffs imposed in foreign countries of only regarding as 
marketable and fit for export products containing 80 per cent of 
triba^ic phosphate. Now this content cannot be s^«nred Accept at 
^reat expense, and an enormous waste of low quality material which 
being unutilizable is piled up on the outskirts of the mineS. In* fact, 
no mineral with less than 60 per cent is of any value in Canada, 
as not being capable of paying for the freight. Trials have been 
made with the \^shing processes, with the result that certain de- 
liveries have tested 87*83 of tribasic phosphate of lime*. That is the 
lyghest figure attained in Canada but workir^ has ceasecl for some 
years. 

South Carolina , — The South Carolina phosphate deposits oc- 
<jur in Miocene strata from the Charleston basin as far as North 
Carolina, Georgia, and Florida. They are very extensive, and the 
noddies of phosphorite extracted therefpm are very similar to 
those which exist in Central Russia and in the Tjondon Basin. 
They were discovered in 1869, i.e. long before the other North 
American deposits. The Carolina deposits extend along the coast 
with a breadth of 10 to 45 miles, from the sour<^ of the River Wando 
and from the eastern arm of the River Cooper, which both^ow 
into the Atlantic at Charleston as far as the sources of Broa^ River. 
They are often found on the surface of the ground. At other times 
they are covered with sand and clay deposited by di^vial water. 
The rock phosphate is distinguished from the •ilver phosphate 
(Land Phosphate &nd*Uiver Phosphate), the first is usually found 
10 feet from the surface, the second on or un^er the of the 
rivers. In colour they vary according to their origin. That of the 
rock phosphate is yellowish or pale grey.* River phosphates are 
black o^ing to the presence of organic matter. The phosphorite 
•occurs as nodules or balls, with a rugose^urface,*and smooth or pitted 
sometimes shining*as if enamelled. It is often mixed with shells, 
petrifitd bones, the teeth of terrestrial and marine animals. • The 
diameter of the lumps varies from a few centimetres to 1 metre. 
Before the discover^ of the Florida phosphates, the South Carolina 
* deposits furnished about one-fifth of the world’s Consumption. 
, The product was perfectly suitable £©r *ifiaking superphosphate^ 
with 13 per cent of phosphoric acid — 28*4 per cent soluBle phos- 
•phate. The annual export amounted to 150,Clt)(J tons. But since 
1890, Florida has continued to increi^se its productioiT, and the 
low price caused thereby has led a certain number of those engaged 
in the industry in Carolina to shut down. ^ Since that time the 
CaMina production has continually diminished. The average 
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cofeipositidh of South Carolina nodules is the following according 
to Dr. C. W. Shepard of Charleston : — 

» 

TABLE XXIL— AVERAGE COMPOSITION OF CAROLINA FHO^HATE. 


Phosphoric acid 

Per cent. 

. 25 to 28 

®arboni%.!tcid 

. 5 „ 11 

Sulphuric acid 

Einae . . 

. 0*5 „ 2 

. 35 „ 42 

Magnesia ....... 

traces to 2 

Ferric oxide . . . . . . 

. 1 to 4 

Fluorine 

. 1 ,, 2 

Sand a/nd silica 

. #’4 „ 12 

Organic matter and combined water . 

. 2 ,, 6 

Mointuie 

. 0-5 „ 4 


The output of South Carolina increased from 12,262 tons of 
phosphate rock in 1868 to 618,569 tons in 1893, and then steadily 
contracted to 169,156 tons in 1911. Most of it is converted inta 
superphosphate locally since the high cost of production inhibits 
export.^ • • 

Florida . — This peninsula of the American continent contains,, 
throughout its whole length, phosphatic deposits of great magnitude, 
which were not utili;;ed prior to the year 1890. Dr. Simmons of 
Hawthorn in 1879 discovered that the chief quarries of building- 
stone *of Central Florida contained a considerable amount of 
phosphc^ric acid. Again, Francis Le Baron, a French engineer of 
^Jacksonville (Fla.), discovered in 1884 the deposits of fossil bones 
forming thei bars of Peace Riyer, and also sent at the time several 
barrels to the *Smithsoj}ian Institution in^ Washington. This 
engineer returned to the district ki 1886, made measurements and 
estimated ihe profits to be drawn from the working of these 
superficial deposits. When these were published. Col. T. S,. 
Menchald installed ift 1887 phosphate works to exploit -the podules, 
and sent his first delivery to the Scott Manufacturing Co. of Atlanta, 
Georgia. * In June, *1889, .Albert Vogt 'discovered the hard rock 
phosphate in sinking for water about twenty miles S.W. of Ocala, 
a smAll ^iown in Central Florida. ^ The Dunellon Phosphate Co., 
was then formed ^o buy and exploit *several thousand acres on the 
‘alignment of the hard rock phosphate. Since that time the different 
kinds of pholphatQ rocks, and as nodules, have been actively 
^i^spect^id for, and recognised over a tract 200 miles long by 6 
miles in width. belt is developed, parallel with the coast of 

Florida,^at an average distance of 26 miles, and extends from the 
district of* Richland, Pasco. County, to the north as far as tho 
environs of the River Apalachicola, bending towards the west and 

t 

1 W. H. Waggaman, Bull. U.S. Dept. Agric. No. 18, 1913. 
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the south. The most important deposit of nodules (Land Pebb^les) 
was discovered in 1890, in the neighbourhood of Bartow (Palk 
CouAty). As far back as 1892, both rock phosphates and nodule 
phosphates were known of varying composition and values far 
beyond the rivers Apalachicola in the west and north; and 
Caloosabatchee in the south. Throughout all t^ese districts, 
representing a length of 400 miles, the exploillLtion has been 
followed up with feverish enterprise, and the quantities marjjeted,* 
not only in the United States but in Europe, have rapidly increased. 

Description of the Deposits —Your kinds of pliosphates are 
differentiated by the following names, viz. Hard Rock, Soft Phos- 
phate, Land Pdbbles, River Pebbles. * 

Hard Bock . — Rock phosphate as a type is hard, coyipact, with 
line homogeneous grain, usually pale yellow with irregular 
cavities, often coated with mammillary concretions of phosphate of 
lime. These cavities are sometimes filled with amorphous phos- 
phate of argillaceous aspect, due to the transport by water of 
particles of phosphate in suspension. The haid rock deposits of 
thetEocene ai’e concentrated in a narrow.belt about 144 miles long, 
almost parallel with the West Coast of Florida, and at a distance 1 
from the sea varying between 25 to 50 miles. Taken as a whole 
hard rock occurs as a conglomerate of boulders, cemented by a 
gangue, consisting of phosphatic sand, clay,®r other detritus from 
the disintegration of the hard rock, and which constitutes the 
soft phosphate. The magnitude of these deposits of hjfrd rock 
vary considerably. Near Dunellon they are often 40 to 50 feet^ 
thick, elsewhere only 5 to 10 feet. ^On certain noint* phosphate 
is found on the outcrops, especially in J^jevy County, but more 
often it is covered by a layer of s^nd 10 feet thick. There are two 
kinds of rock phosphate, solid rock and laminated rock.* The solid 
rock is more or less homogeneous, of a white, grey, or yellow colour, 
sometimes deep blue or black, but more ofteif it is marbled. The 
hard ro?k of good quality contains 77 to 82 pej: cent of phospliatei 
of lime, and 3 per cent -of oxides of iron *and alumina. An 
analysis of a fine sample of hard rock gave the following figures : — 

TABLE XXIIL— ANALYSIS OF .A FINE SAMPLE OF HARD ROCK 
• PHOSPHATE. • 

^ * Pm cent. 


Water . 


. ■ . 0-92 

Calcium fluoride . 


• • A A 

4-4 • 

Phosphate ot lime 

. 

88-14 

Carbonate of lime . 


. • . 3-63 \ 

Oxide of alumina . 


... 1-52* 

Oxide of iron 


. • . . 2-26 

Silica . • . 


. 4-18 • 


f 


.3 


300-00 
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The analyses of two cargoes of 800 tons each, from the Blue 
River Phosphate Co., gave :-r- ^ 

TABLE XXIV.— ANALYSES OF HARD ROCK BLUE RIVER PHOSPHATE. 


1. II. 

t ' Per cent. Per cent. 

Water 0-.52 2*80 

< Phosphate of lime .... 81-59 78-19 

Oxides of iron and alumina . . 2-08 2-95 


The laminated rock, the crevices of which are generally filled 
with clay, rarely sand, frequently contain 5 to 8 ^^^r cent of clay, 
from whicli it is partially freed by roasting, grinding, and sifting. 
It then contains not n^ore than 3 or 4 per cent of oxides of iron and^ 
alumina. The material passing through the sieve contains as 
much as 10 per cent of clay, and is utilized in the country itself. 
This roasting of the phosphate is carried out in a very primitive 
manner ; on a layer of wood 1 foot thick is placed a layer of phos- 
phate 3 to 4 feet thick, and fire applied. This method, although 
economical, yields a bad product'. Whilst the phosphate of the 
lower layer is sufficiently roasted, that on the top is barely dried, 
and the whole becomes mixed with ashes and pieces of charcoal. 
But the roasting hasi» little effect on the moisture content of the 
phosphate : mere exposure to the open air allows it to regain 1 to 
3 per edit. 

Plate Hack or Sheet Hock . — This kind of phosphate is the most 
interesting c»f all. It is found near Ocala, especially near Anthony, 
Spar, and Montiiigne. It occurs as small tablets, as large as the 
hand, of irregular shape, one to» several centimetres thick, of a 
white or brownish-yellow colour. The heavy, brittle fragments are 
the richest in phosphoric acid, whilst the soft light fragments 
contain the most clay. ’ The sorted pieces contain sometimes as 
nfiuch as 80 per cent of phosphate, and only 1 to 2 per" cent of 
oxide of iron and alumina ;.Jhe average* being 74 to 78 per cent of 
phosphate of lime, with 3 to 4 per cent of oxide of iron and alumina. 
This "high iron and alumina content is derived from the gravel 
mixed with it, which forms irregular fragments of phosphate, the 
^■'crevices of which are filled with clay. The plaue rock rests always 
on the doloiilitic limestone, which forms columns and irregular 
(^ones. ,The cavities conUifted between these columns are filled 
with phosphate, mixed with sand or day. In certain places the 
phosph^^le bed is very pure; containing 50 to 80 per cent of pure ^ 
phosphate. The superficial layer of sand is usually of moderate 
thickness but it sometimes reaches a depth of 45 to 50 feet. 

Soft Phosphate .— is known under this name, in Florida, 
a phosphatic clay of soft, friable, or plastic consistency, with a very 
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variable moisture content, which constitutes the gangue between 
tjjie pebbles. As the following analyses show, a small portion of 
its pfiosphoric acid is soluble in wtiter and in citratg solution : — 
Softt Phosphate of Palk County. — Water 8’^5 percent; phos- 
phoric acid, total 28’9 per cent, of which 0*87 per cent is soluble 
in citrate (Wagner’s method) and 2*05 soluble in cjtrate (Peter- 
mann’s method) ; 2-83 per cent of oxide of iron, anfi 0-86*per cent 
of clay. ' ^ , 

Soft Phosphate ofAlafia Creek. — Water 5-8 per cent ; phosphoric 
acid, total O’! per cent, of which 0*62 per cent is soluble in water ; 
oxide of iron 7’5 per cent ; clay 10’26 per cent. This quality of 
phosphate is us9d directly as manure, after being line'ly groi^nd. 

liiver Pebbles are found in several rivers of the wi^st part of 
f’lorida, chieliy in Peace River and Alabagia River, where they 
sometimes form considerable deposits. This phosphate can be 
extracted more cheaply than any of the others. Powerful dredgers 
fitted with centrifugal pumps lift the sand and pebbles ; these are 
afterwards separated from the sand by a slightly inclined rotary 
sie^ consisting of iron rods. The sand passes through the 
meshes, and returns with the water into the river, whilst the 
phosphate issues from the sieve at the lower extremity, mixed with 
stones and pieces of wood. It is taken to the dryer without further 
cleaning. The daily yield of a dredger vaties according to the 
quality of the materia) lifted by the pump. Thus on certain 4 )oints 
of the river the phosphate is very pure, whilst on others •nothing 
but sand is found. Some days 100 tons of phosphate are collected, 
other days only 20 tons. The install|tions at work on Peace River 
produce on an arverage 50 tons of phosphate per cfty. The cost of 
extraction of river peboles is in gctieral not heavy, but the cost price 
per ton exceeds a dollar on an average. The waters of Peace 
River incessantly bring phosphates to certain points, and remove 
it from others. Whatever may be the impdrhirnce of the deposits of 
Peace ^iver phosphates, they are not inexhaustible, and the {imie 
is not far distant when theywill cease tc^be workable. River pebbles 
are iq the form of nodules, the size of which varies from sand 
grains»to nuts. The corners are rounded, and the surface* is often 
polished and brilliant. The bolour is dark-greji, blue, or black. 
The land pebbles, fi^m which the river pebbles ^re formed h'f the 
‘ scouring action of the water, are generally j)a^e. and"it is believed 
» that the black colour of the river pebbles comes from thq tannini 
of the plants which grow *00 the banks of the^rivers. Analysis 
•reveals no difference between the two ^osphates. Both hlive the 
same composition, 65 to 70 per cent of phosphate of lime,* with less 
than 3 per cent of oxide of iron and alumina.' The impurities found 
mixed with river pebbles have, how^ever, the effect of reducing the, 
phosphate of lime to between 60 to 65 per cent. 
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Land Pebbles. — All the country between Peace Biver and 
Alalia Biver, in the counties of Polk, Hilsborough, de Soto aifji 
Manatee, contain phosphate deposits. The richest region is a'' strip 
of land about 16C square miles, between Barlow, Forte Meade^ 
Chicora, and Callsville. The land of this district is flat like all 
South Florid^, with low undulations here and there. Under the 
surface bed of'*sand, phosphatic clay is found almost everywhere, 
f As already mentioned, land pebbles are not very difterenfc to river 
pebbles. I'hey are paler and purer than the latter ; and the phosphate 
of lime content may reach 72 to 75 per cent, with an average of 66 
to 68 per cent, with 2‘3 per cent of oxide of iron and alumina. A 
typicaj sample gave the following results : — 


TABLE XXV.— AI^LYSIH OF LAND PEBBLE PHOSPHATE. 


Phofiphoric acid . 
Loss on. ignition . 
Lime . 

Oxide of iron 
Oxide of alumina 
Magnesia 
Carbonic acid. 
Silica . 


Per cent. 
83-61 

0- 79 
48-08 

1 - 20 

1- 38 
5‘rA 

2- 29 
7-15 


Tennessee. — As early as 1892, the presence of a very ex- 
tensi^e^phosphate level in the south of the central region of Ten- 
nessee, chiefly in Mount Pleasant County, in the districts of Maury 
and Perry ,^was discovered. The bed is found below the Devonian 
schists of Chattanooga. Tbj phosphate occurs ^in two distinct 
forms ; in the upper purt, that-^ is to say, immediately below the 
greyish-blue shales of Harpeth, phosphatic nodules are found, 
then comes a bed oTf black schists termed Chattanooga, and finally 
a uniform bed of ajpont 1 metre in thickness of rock phosphate 
i;est:ng directly on limestone, which ends the formation. ^Samples 
of this rock phosphate from the best-known localities gave the 
following average results (1). Levatt) : — 

tXbUE XXVL— ANALYSIS OF TENNESSEE ROCK PHOSPHATE. 

, X Per ce7it. 


PhoBpCioric'ac^d .... 

. 26-74 

to 

31-94 

Oxide of iron v 

. 2-32 


6-92 

^Insoluble matter 

. 2-70 

>1 

7-06 

Lime . _ . 

. 29-60 

91 

41-30 

^ulphur ** . 

. 0-00 

91 

4-00 

*^(\*rbonic acid, (COg) . 

. 0-00 

99 

1-60 

Moisture ..... 

. 0-20 

91 

0-60 


Remarks on the Actual Condition of the Phosphate Industry in 
America. — In the Southern States of the Union, there is a manfiest 
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tendency to concentrate businesses into the same hands. Thus for 
Ae hard rocks of Florida, there jvere* 70 declarations of exploita- 
tion in 1902, 60 in 1903, 18 in 1904, 14 in. 1905, and 16 in 
1906. On the exploitations declared in 1906, 10 were at work, 
S idle, and 3 in preparation. The total amount of rock phosphate 
mai4ieted in 1906 was 2,080,957 long tons, the valu« J)Ring 8,597,437 
dollars, against 1,947,190 long tons in 1905. The production of^ 
Florida alone reached 62*4 per cent of the total production of the 
United States. The exports of hard rock were 565,953 long 
tons in 1906, against 595,491 long tons in 1905 ; these ligures, how- 
ever, exceed th^e of previous years. The exports of land pebbles 
to America and foreign ports reached 482,232 long* tons, «,gainst 
385,915 in 1905. River pebbles were not exported in the two last 
J'ears. The South Carolina output has contihually decreased since 
1893. The production of Tennessee rose in 1906 to 528,888 long 
tons. Tennessee phosphate occurs in three varieties, which are 
the blue or black rock, the brown, and the white. The quantities 
mt^’keted in 1906 consisted of 93 per cent brown, 6*5 blue, and 0*3 
per cent white. In the west part of Putnto County, a new deposit 
of blue rock phosphate has been discovered. This contained on 
on an average 65 to 75 per cent of tricalcic phosphate and only 
5 per cent of oxides of iron and alumina.^ Amongst the other 
phosphate producing states, during the years 1901 to 1906, may be 
mentioned North Carolina, Pennsylvania, Arkansas, ainj Idaho. 
But the production of these states was very low, except Idaho. , 
North Carolina produced 45 long tons in 1903, Penns^ylvania 100 
long tons in j904. In Arkansas^ the produolion continually 
increases, though slcfwly. Idah^ promi4^s to become a big pro- 
ducer of phosphates. The bed, at a certain place, has a thickness 
of 85 feet ; the main bed is 5 to 6 feet thick. 

X. Africa. — Tunis and Algeria . — These t.wo countries contain 
enormofis deposits of phosphates. As far back as 1873, Thomas 
discovered the existence in, the region south of*the Tell, ia the pro- 
vince of Algeria, ota Suessonian formation, rich in phosphate of lime. 
In l8i^6, the same geologist, after a scientific expedition, ^iubUshed 
his first researches on the phos^jliate beds of the Regency. He had, 
more especially, examined the deposits in the Reighbourhood of, 
Gafsa, in Tunis, showing their continuatioi^ through the South 
Algerian region. The phosphate of tJ;ie8p*fegions is found at the 
base of the Eocene in contact with the Cretaceous, from which it* 
• is separated unconforrnably by black mciddy clayB of variable thick- 
ness saturated with chloride of sodium and gypsum, •'sfith the 
characters of silica. These phosphate* beds consist of alternations 
of marl and nodules of phosphatic limestone^ covered in Mie south 
of •the Regency by a bed of shelly limestone, which gives place td 
a thick formation of nummulitic limestone as it ascends to the 
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north. The phosphate beds become at the same time more sandy 
and glauconitic. “ ^ i 

Marly Phosphate in Nodules . — The phosphate of lime occurs in 
nodules; in the foliated and generally highly gypsiferous marls 
which alternate with limestone beds. Teeth and debris of saurians 
and fish, are lojund therein. These marls are unctuous and gueasy 
to the touch, and contain as much as 7 to 8 per cent of organic 
matter tha composition of which has not been closely examined, 
but which does not dissolve in carbon disulphide or in benzine. 
These foliated marls often pass to a nodular structure. They 
contain irregular layers of phosphatic nodules ^vhich occur in 
various sizes and shapes, generally rounded or striated, covered 
with a shining brown crust of characteristic appearance. The large 
nodules which are mfst with in these conditions, and which havfe 
the appearance of enormous coprolites, are on the contrary very 
poor. The phosphate is entirely concentrated in the shining sur- 
face crust, the internal portion being limestone. The small 
nodules of identical appearance, on the other hand, may contain as 
much as 70 per cent of p'hosphate. The phosphatic marls contain 
besides phosphates, small interstratified crystals of gypsum, nodules 
of celestine, strontium sulphate, and alkaline salts. 

Phosphatic Limestones . — These phosphates alternate with the 
nodular marl. They occur in the form of a granular, rather friable 
rock, the colour of which varies from a yellowish-grey to a greenish- 
brown. '^The quality most appreciated may be crushed easily between 
' the fingers, and its density does not exceed 2 for the rock in situ. 
This rock i^ forn?jed by the agglomeration in a more or less calcareous 
cement of many fine grakis of all shapes ; some round, covered with 
a brown, brilliant crust, consist essentially of yellowish phosphate 
of lime, With an eUrthy fracture, or of fibrous appearance ; the 
others, grass green, of ifcaly texture or in very small masses, of a 
scoi;iaceous or corroded appearance, recall, by their appearance, 
certain glauconites. <• There also occur very small grains of hyaline 
angular quartz, and chemiilal analysis always shows in this rock 
an appreciable amount of free or hydrated gelatinous silica ; finally, 
it is also very rich in organic debris, such as coprolites, similar to 
thosp of the foli&bed marls, fish or saurian teoth and bones, more 
or less disint(^rated^ When the calcareous element predominates 
in this rock, it becomes -gi’eyish, and then much resembles the grey 
*chalk (calcareous tufa) ot* Cfply. These bands of phosphatic lime- 
stone are extensive, occupying a very variable position in thei 
differeni'deposits, although a constant feature of each of them. 
Their thickness varies frorii only a few centimetres up to three 
metres and more, which they maintain without interruption over 
distances of 50 to 60 ‘km. (western chain of Gafsa). The deposits 
may be divided into four main groups. 1. Those of the Tebessa 
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district ; 2. Those of the district of Setif ; 3 Those of the Guelmor 
ftistftct ; 4. Those of the Ain-Beida district. They contain 24 to 
30'5 p^’ cent of phosphoric acid. • 

TABLE XXVII.— COMPLETE ANALYSIS OF AN ALGERIAN 
PHOSPHATE. 


Moisture 



•o-OB 

Loss on ignition (7* 

) per cent CO.,) 


lh‘2r) 

Phosphoric acid . 



aO-38 

Calcium oxide 



411 -53 

Sulphurft acid 



• 2-01 

Oxide of iron 



• 0-32» 

Oxide of alumina 



n)-47 

Magnesia . 



1-01 

Potash 



0-15 

Insoluble, etc. 



1-85 

• 100-01 


TABLE XXYIIL— ANALYSES OF TWO* SAMPLES OF DJEBEL 
GOURNIA PHOSPHATE IN THE NATURAL CONDITION. 



I. 

If. 


'Vr cent. 

Pcj- cent. 

Moisturr 

0-04 

8-18 

Organic matter 

1-24 

0-52 

Silica 

0-80 

-5-0() 

Phosphoric acid ’ 

24-1)3 

27-01 

Carbonic Acid 2 

H-52 

7-30 

Lime • . 

4)ul2 

4.5 -*40 

Magnesia *. . . .. • »> 

0-11 

0-08 

Manganese ........ 

traces 

traces 

Fluorine 

. 4-0 

4-10 

Calcium chloride 

H-22 

8-43 

Oxide of iron , 

0-08 

0-8f> 

Aliwnina 

' 0-20 

0-JG 

^ Equal to tribasic phospliiUe of lime # 

.'>4-42 

.58 -OG 

JPhosphate of Iftne on the dry sample . 

.-58-30 

G4-0.5 

'€qual to carbonate of lime .... 

10-34 

lG-57 


Egypt . — Several extensive deposits of phosphates have, bee^ 
► discovered in Egypt and are now being worked. tOne of these 
areas is near the Red Sea, from wh^nc^ the rock is conveyed by a 
20 mile railway to the c#ast at Port Safaga, at which* place tHh 
• rock is loaded for shipment abroad.* The phosphate cpntains 65 
per cent and upwards of phosphate of lime. Other deposits are 
found at Kosseir and at Sebaia on the eastern bank of the Nile be- 
tween Keneh and Assouan, and extensive concessions have been 
obtained by an Italian company for working these deposits. 'A 
light railway was under construction in 1914 for connecting the 
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deposits near Kosseir with the latter place, while at Sebaia the 
rock is to be conveyed down* to t^e Nile by means of an elevated 
ropeway, to boafe for conveyance to Alexandria for shipmer^t. 

According to the Government Survey Department the total 
output of phosphates in Egypt was as follows: 1908, 700 tons; 
1909, logo totts^;r 1910, 2397 tons ; 1911, 11,925 tons ; 1912, 69,958 
tons ; 1913 (estimated), about 103,000 tons, almost all of which 
‘oame .from the Red Sea area and practically all of it was shipped 
to Japan. No superphosphate is at present made in Egypt owing 
to the difficulty of getting the acid required, but there is a good 
demand for it^ the imports being about 13,000 tou".}. The manu- 
facture »of superphosphates locally has, however, been under con- 
sideration, using pyrites from Greece. There has been a reported 
discovery of pyrites 'Ai the "Sinai peninsula which may also be*^ 
available.^ 

XI. Asia. — It has also been found in Palestine, to the west of 
the Jordan, near to the route followed by the caravans going from 
Damascus in Arabia, and testing 80 per cent of phosphate of lii^e, 
with 1 per cent of iron arfd alumina, and 10 per cent of calcium 

* fluoride. These deposits are not yet exploited commercially. 

XII. Phosphates of Oceania. — There are found in certain isles 
and on the American Pacific coast considerable deposits of phos- 
phatiq. material. Like’ Peruvian guano, which will be dealt with in 
the seqnel, they are of animal origin, but they differ essentially from 
Peruvian guano owing to the almost complete absence of nitrogen, 
Vhich they have lost by decomposition and the influence of climatic 
conditions, htiving.been carried way by rain and percolating water. 
All phospho guanos resemble each other in theip composition. They 
consist mainly of phosphate of lime, the content of which varies 
between 65 find 80 p6r cent and about 12 per cent of water. They 
moreover contain from 1 to 13 per cent of carbonate of lime derived 
from the coral limestone which serves to them as substratum, and 
about 1 pej: cent of n«Hrogen yielded by the organic matters which 
impart to them a colour vaVying from yellow to dark brown. 
Finally^ s;nall amounts of oxide of iron and alumina, calfflum 
fluoride, and other substances, the presence of which, as will be 
descrij?ed later, interferes with the dissolving of the phosphates. 

‘ Phospho Guanos y^ere formerly the most highly esteemed raw 
material for the manufacture of superphosphates and the most 
eitfsily preserved. Unfortunately, most ^f the deposits are parti- 
ally exhausted, and those which still exist are not now worked, 
owing totlh^ fall in price and the scarcity of labour. Phospho 
guanos differ much from each other in their appearance, their form, 
and their polour. They are met with, most often, in a pulverulent 


^ Cham, of Comm. Jour., Got., 1914. 
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state, mixed with lumps, easy to crush between the fingers. They 
sometimes consist of masses, amalgama'ted with coral debris, some- 
times as^crusts, or again in masses as hard as sto!ie. The chief 
"deposits of these phosphates are met with in a great number of 
small islands in the West Indies and the Pacific Ocean, and also 
in the Bay of Mejillones on the West Coast of SQifth America. 
A rapid description indicating their characteristics will now be 
given. • • 

I. West ludicL Islands. — Redonda Isles, Sombrero, Navassa, 
Aruba, Curagao, Los Roques, Alta Vela, Rata. 

II. Islands the Pacific Ocean. — Baker, Jarvis, Malden, 
Fanning, Starbuck, Howland, Phoenix, Sidney, Enderbury, Minerva, 
Aves, Lac6p6de, Flint, Browse (? Brown), Fluon, Chesterfield, 
ifbrolhos, Mona, Cayman, Clipperten, Nauru, Angaur, and Makatea 
Isles, etc. 

West India Islands. — 1. liedonda Phosphate. — This phosphate, 
like that of Alta Vela, does not contain phosphate of lime, but 
hyd|p,ted phosphate of alumina and phosphate of iron. It is thus 
unfit for making superphosphate. It is yMlow in colour, more or 
less dark with black points. Its composition is as follows : — 


TABLE XXIX.— ANALYSES OF HEDONDA* PHOSPHATE. 



Analyst. 

Voelcker. 

'Mate.. 



Per cent. 

Per cettt. 

Water . 


. 24*20 

^ 21*50 

Phosphoric acid 

. . . . .• 

. 38*^ 

38*50* 

Oxide of iroa and alumina 

. 35 33 

32*50 

Insoluble 

. • 

. 1*05 

6*50 


2. Sombrero Phos 2 )hate. — Two kinds arp to bo ditierentiated : 
one oolitic in structure and variegated in colour, which contains, 
besides tribasic phosphate of lime, the phosphates of n^agnesia, 
iron and alumina, also silica and alunftna ; the other has a more 
homogeneous structure, a white or yellowish colour, is jrich in 
phosphoric acid and containing^iji addition carbonate and sulpliate 
of lime. This deposit was known in 1814, but it was only in 1858 
that it commenced to be worked, and since that time there lias 
been taken from it during many years excej^mt phospnate of lime, 
Containing 75 to 80 per cent gf Ca 3 P 2 ^g* 1(T per cent of carbonate of < 
^ime, and 2 per cent of oxides of iron t^nd alumiiia. With regard 
to the quality of the product since it began to be extract^’dl below 
the sea-level, Voelcker gives the following analysis : — 
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TABLE XXX.— ANALYSIS OF SOMBRERO PHOSPHATE. (VOELCKER. 


Water * . 
Phosphoric acid 
Lime 

Oxid^of iron 
•Aluminr/ . 
Magnesia . 
Suiphuric acid 
Carbonic acid 
Fluorine 


Per ce7it. 
2 -^ 
35-52 
47-99 
3-70 
7-55 
0-58 
0-36 
0-96 
0-43 




3. NavasMa Phosj)hate . — The isle of Navassa isf of coral origin, 
with •fescarpYnents in some places, and eroded by the waves in 
others. Phosphate was worked here as far back as 1856, but jt 
was soon found to be rich in oxides of iron and alumina, and on 
this account was abandoned. It is mostly granular, or in the form 
of grains, the size of which varies from that of a pin-head to that 
of the fist, which are often agglomerated into large masses of almost 
pure phosphate of lime. The composition according to Breach- 
neider (I) and Gilbert (it) is given below : — 


TABLE XXX (a).— ANALYSES OF NAVASSA PHOSPHATE. 


( 

I. 

II. 


Per cent. 

Per cent. 

Waiar 

. 5-73 

3-01 

Combined water and organic matter 

. 4-93 

7-17 

Phosphoric acid 

. 31-69 

33-28 

Lime ^ . . .• . • 

. 38-00 

40-19 

Oxide of iron . ii • 

Alumina .... V . 

. , . 4^25 ) 

. 8-81 i 

11-67 

Sulphuric acid ancji fluorine . 

. 1-10 

— 

Carbonic acid 

. 2-40 

2-15 

Insoluble matter . , . 

. 3-09 

2-53 


4. Aruba Phospliate . — This phosphate occurs as yellowish stones- 

traversed sometimes by dark-coloured v'eins and spots. It contains 
about 30 per cent of phosphoric acid, and 6 per cent of oxide of 
iron and alumina. , 

5. Alta VelavPhospJiate . — This phosphate has a composition 
• analogous tojihatof Redonda phosphate, as the following analysis 

shows : — * - 

TABLE XX:^ I.— ANALYSIS OF Al5^A VELA PHOSPHATE. 


- ^ j. vr oe/ 

Phosphoric acid . * 37-00 

Oxide of iron . ‘ 24-00 

!^lumina . 15-00 

Lime 1-00 

S3squioxide of chromium 0*75 
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^ 6. Bata or Fernando Noronjo Phosphate. — This phosphate occurs 
as a tfne powder ; it also is very riijh in oxides of iron and alumina, 
and thu| unfit for superphosphate manufacture. If* contains about 
26 per cent of phosphoric acid and up to 20 per cent of oxides of 
iron and alumina. 

7'. Monk’s Island (Caribbean Sea) Phospho Cfua^i^^ — This phos- 
phate contains 42 per cent of phosphoric acid and only 40 per cent 
of lime. It consists therefore partially of monacid phosphate.* Its 
analysis gave the following results : — 

TABLE XXXfr.— ANALYSIS OF MONK’S ISLAND rHOSPHATE. 


Nitrogenous organic matter and combined w^ter 

J'er ci’.jil. 
7'()0 

Sulphate of lime ...... 

H-32 

Phosphate of lime and magnesia 

. 70-00 

Alkaline salts 

1-88 

Carbonate of lime 

Carbonate of magnesia 

o 

o 

Insoluble silicious residue . . . 

2-00 


100-00 


The surface of this deposit, which is as hard Js a rock, has no^ the 
same composition as the interior. Thus the bed having been* care- 
fully analysed yielded 70 per cent of phosphate of lime* on the 
surface, 74 per cent in the centre, and 75 per cent in the lower 
portion. • 

8. Christmans Island Phospho Guano Indian Ocean). — Christ- 
mas Island, to the south of Java, Belongs to the Straits Settlements. 
The phosphate deposit discovered there a few years ag(t is worked 
by a British Company, The Christmas Ish^nd Phosphate Co. Ltd. 
The total bulk of this deposit is estimated at 250,000 tons, yrith 
a percentage of 60 to 90 of phosphate of lim^ The saijaples re- 
ceived in Europe tested 85*per cent of*phosphate of lime with 1*5 
per CCTit of sesquioxides ; and after being rendered soluble^ sul- 
phuric*acid at 53° B., it yielded about 20 per cent of phosphoric acid, 
of which 0'5 per cent was insoluble in water, an4 4 per cent free, 
which is moderate. This phosphate is very hard,, but^easy to crush ^ 
after it has been dried, which is indispe^affle, since it contains 
5 per cent of moisture. , * . * 

, Pacific Ocean Isles. — There are a series of sinall coral isles in 
the Pacific Ocean, in the neighbourhood of the equator, d^sftitute of 
all vegetation, which have attracted buly little attention. A sample 
was brought in 1853 to America of a non-nitrogenous guano, collected 
in one of these islands — Baker Island. Soon afterwards it was found 
that the other isles of the same group were equally rich in guano. 
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viz. Howland, Malden, Jarvis, Starbuck, Enderbury, and finally 
the Phoenix Isles, a little further west. As Baker Isle, now ft)r 
the most part exhausted, yiefded the best guano, the typical 
guano of the isles of the group, a short description of ft is now 
given. 

Bah§r Guam. — Baker island is situated at 0*14 of north 

latitude and \76*22^ degrees of longitude west of Greenwich; 
1750 metres (say 1 mile) long, its width is 1100 metres, and its 
height above the level of the sea is about 8 metres (26 feet). The 
chain of coral rocks which surround it is dry over a surface of 160 
metres. On^ this chain is a height of stones, corals, and shells 
whiclv surround the actual guano deposit.^ The vegetation of the 
island only comprises rare species. The bed of guano is 15 cm. (6 in.) 
thick on the shore, afld 1*60 metres, say 5^ feet, in the centre. HJs 
surface is plane, and it occupies a surface of 62*5 hectares, say 156J 
acres. The coral isles are the refuge of sea fowl, which come 
there to make their nests and hatch their eggs. Their excrements, 
the food which they bring there (fish and other marine aninmls), 
and finally their dead bodies, give rise to the formation of guano, wnich 
is, therefore, constantly in course of formation. Judging from its 
method of formation, this guano, like that of Peru, to be described 
later, should be very rich in nitrogen, but this is not the case. 
Although rain is generally a rare phenomenon in these tracts, yet the 
guano is constantly washed by the waves, which are continually 
broken against the coral chain which fringes the islands. To this 
has to be added the heat of the day, which is very intense. Owing 
to the intense bacterial action the nitrogenous matters are rapidly 
decomposed, producing »mmonia and nitric acid ; the first is carried 
away by the wind, the second Is converted into nitrate of soda, 
which is I6st in solution in the water of the ocean. All the Pacific 
guanos are met with as*a fine pale or dark brown powder according 
to their percentage of moisture. The brown powder is mi*:ed with 
larger wjiite granules, consisting for the most part of phosphate of 
ammonia and magnesia.^ According to an analysis of Liebig, Baker 
Islat^d guano contains : — / 

• • 

1 The Pacific iSies are all protected on the sides of the prevailing winds by 
‘ a chain of ooral^igainst which the waves of the sea break. ^ 

^It follows from lat^ researches, that the magnesium phosphate in 
jthe guano is not tribasio but^monacid ; only traces of carbonate of lime were • 
found therein. The composition of the guand is slightly modified since it has 
been worked in an ftitensive manner. A few per cents of carbonate of lim^ 
are alwa^ found in it, and only 75 per cent of tribasic phosphate of lime. The 
above analysis is typical of this ftlass of guanos when they do not contain large 
amounts of gypsum, sand, and analogous impurities as do certain guanos from 
Jarvis Isiknd. • 
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TABLE XXXIII.-ANALYSIS OF BAKER ISLAND GUANO. 


IJribaBic phosphate oi lime .... 

Per cent. 

. * 78*79 

Tribasio phosphate of magnesia . 

6*12 

Iron phosphate 

0*12 

Sulphate of lime 


Alkalies 

• 0*85 • 

Chlorine 

0‘1‘A 

Ammonia 

o*ov ■ 

Nitric acid 

O-If) 

Water, sand, etc. 

Hi *34 

• 

lOD-00 


Baker island was the first island in the Pacific Ocean in which 
guano was discovered and exploited. The deposit is now partially 
exhausted. 

Other isles in the Pacific Ocean contain vast quantities of 
phospho guano, similar in composition to that of 'Baker Island. 
Buttthe greater part of these deposits are only of historical value 
seeing that, if they are not exhausted, tlieir output is but small. 
Thus taken altogether the deposits of Baker Island, Lacepede, 
Malton, and Pelsart, would appear to be far from exhausted ; they 
probably still contain enormous quantities^of guano. But the 
greater number of the islands have been abandoned, becaust^ the 
cost of working and freights are too high compared with th (4 selling 
price of the guano, which latter cannot at the present time compete 
with mineral phospliate. • ^ 

Jarvis Gnaw is a mixture of powder, hard plates, and some- 
what friable stratified fragments. ^'The pljfles have a procelain-like 
character sometimes semi-transparent and have already been found 
in analogous guanos. Perfectly dried in an oven at 100° C. (212" 
F.) these fragments preserve their appeara«ice. By detaching the 
stalagmites, which cover the plates, it has been found that the latter 
owe their semi-transparent appearance to thfe hydratioti of the 
phosphate of lime,*which has evidently iJeen precipitated very slowly. 
The phosphate so hydrated cannot, in fact, lose its water, («ccdpt at 
a red heat, and the hard Jarvis plates dried at 100° C. still contain 
11 or 12 per cent, which analysts have often confouTided with organic, 
matter, since it is lost when the manure is Jgnited# after simple 
drying in the oven. This physical stfite^ the phosphate of lime 
may be understood by considering the phenomena which have sue-* 
^sessively led to the evaporation of the nitrogenouf substanoes in the 
guano. Such phenomena cause the partial solution of the plfosphate 
of. lime, then later on, its slow precipitation by the ammonia 
liberated, hence the explanation of the stalagmites and the h^^dration 
so Conducive to the solubility of the manure in the soil. ^ 
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'TABLE XXXIV.— ANALYSIS OF JARVIS GUANO. 


Per cent} 


Phosphate of lime 3CaO,P.,OB = 

17 -.3971 

■ 83 ' 42 i $ 

2 Ca 0 ,P ;03 = 

16 026 f • 


Phosphate of magnesia . 


1*241 

Phosphate of iron . 


0*160 

Sulphite ti)f lime . 


44*549 

Sulphuric acid, potash, chlorine 

l’ 

20*880 

Organic matter and water 

J • ' 



100*258 


The following are some analyses of phospho guanos by Dr. H. 
Gilbert : — 

TABLE XXXV.— Analyses of fanning island guano. ** 



Per cent. 

or 


Per cent. 

Water . 

8*0 

Water 


8*00 

Carbonic acid . 

1*80 

Carbonate of lime 


2*97 

Sulphuric acid . 

0*19 

Sulphate of lime . 


0 * 8 # 

Phosphoric acid 

* 34*16 

Tribasic phosphate 

of 


Lime 

42*84 

lime 


78*00 

Magnesia . 

0*61 

Tribasic phosphate of 


Fluorine . 

1*01 

magnesia 


1*38 

Organic matter « 

12*82 

Calcium fluoride . 


2*06 

r 

— 

Organic matter . 


12*32 


100*48 





Dedict oxygen equal 




100*00 

to the Huorine . 

0*48 




• 

• 

100*00 





r 

» 



TABtE XXXVI.— 

ANALYSES 

OF BROWN ISLAND 

GUANO. 


Per cent, i 

or 


Per cent. 

jjVater 

15*00 

Water 


^ 5*00 

Carbonic acid . 

1*48 

Carbonate of lime 


8*36 

Sulphftrio acid . 

i*ai 

SulpHate of lime . 


1*72 

Phosphoric acid 

31*40 

Tribasic phosphate 

of 

. 

Limoi 

89*94 

lime 


6^00 

Magnesia. 

0*21 

• Tribasic phosphate 

of 


Oxide of iron .• 

0*82 

magnesia 


0*46 

?k)da . ... 

0*06 

Oxide of iron 


0*32 

Chlorine . * . f 

0*08 

Sodium chloride . 


0*14 

Fluorine . 

'•■ 1 . 0*34 

Calcium fluoride . 


0*70 

Organic matter 

10*80 

Organic matter . 


10*30 

•* 

100*14 



100*00 

Deduct oxygen equal 

• 




to fluorine 

• 0*14 




• 

• 

— 
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TABLE XXXVIL- ANALYSES OF LACEPEDE ISLAND GUANO. 



Per cent. 

• or 

Per cent. 

Water 

12*40 

Water . . > . 

12*40 

Carbiftic aci4 . 

0-80 

Carbonate of lime 

1*95 

Sulphuric acid . 

0*10 

Sulphate of lime . 
Tribaaio phosphate of 

0*17 

Phosphoric acid 

aa*04 


Lime 

40*80 

lime . . ? 

71*04 

Magnesia 

o*9a 

Tribaaio phoi^phatc of 

, ‘iOfl 

Oxide of iron . 

0*75 

magnesia 

Sodium . 

OOG 

Oxide of iron 

0*75 

Chlorine . 

0*10 

Sodium chloride . 

0*1G 

Fluorine . 

0*77 

i Calcium fluoride . 

1*58 

Organic mattei* 

9*92 

Organic matter . 

9*92 


100 aa 


100*00 

Deduct 0 = F . 

o*aa 

100 00 




Mejillones Guano . — This guano, so appreciated formerly, is now 
onlj^of historical interest. Erom the rocky coast, foi‘ a length of 
almost twenty-five miles, which ]-iolivia l^is compiered from Peru 
and Chili, there emerges a promontory about ten miles long which 
juts into the sea for a length of three miles, under the tropic of 
Capricorn, the rocks of which form a protectioiUo the Bay of Morena 
on the south, and to the Bay of Mejillones on the north. This 
latter bay, well-sheltered from wind and wave by the ppint of 
Leading Bluff Peninsula, forms an excellent harbour, into which 
the ships come to load guano. The country, moreover, is most 
unhealthy. The, complete absence of rain, the freqj>iency of violent 
winds and dense fogs* which last,jfor ma^iy hours, followed by a 
torrid heat under a brazen sky, a rocky, sandy soil void of all vegeta- 
tion, and above all, the want of potable water, renders a sojourn in 
these tracts exceedingly trying. The inhabitants of the capital — the 
number ftf which was formerly very small, and has not incree^sed 
by the working of the gpano — -are revictualled by thq Pacific 
steamers, w^hich c^ll there and possess’ coaling-stations. Water is 
obtain^ by distilling sea water. The rocky peninsula averaging 
in height 350 to 400 metres has»the appearance of a sandy plain, 
only its promontory which protects the bay is lilore elevated, for 
it rises to 1000 metres (3200 feet) to the west^of -the 4own ; to the 
north of this hill is the culminating point oUthe promontory, called ^ 
Morro de Mejillones, of a haight of 866 metres (2730 ft.). On the 
elope of this mountain, on the bay side,.is the guaiio deposit. It is 
reached by a long road from the town, winding round the ijiduntain. 
The principal deposit is found about 560 ftietres (1836 feet) above sea- 
level on the flank of the mountain ; in several points it is 14, metres, 
or 46 feet, thick. The published information on the extent of these* 



CHEMICAL MANUEES 


its . • 

deposits differ considerably; official data place it at 3,000,000 ta 
4,000,000 tons but other information represent the situation un jer 
a less alluring aspect, and assent that the reserves are almSst ex* 
hausted. A r?)ad has been built, with great difficulty, across the ♦ 
mountain to connect the deposit with the loading quay. At a mile 
from the works the road divides into two — the one at a very rapid 
incline iead^ the harbour, whilst the other leads to an encamp- 
ment constructed on the edge of the plateau where the guano, which 
is lifted* there in sacks, is run into a shoot 233 metres deep, which 
delivers it into a warehouse situated in the port. In the centre of 
the port dwell the workmen, the overseers, the exporters, and the 
state government employees. The latter weigh the guano, which 
is then conveyed in trucks on rails to the other extremity of the 
harbour, and discharged into ships. The formation of Mejillongs- 
guano is analogous to that of Baker guano. As the climate here 
also is very dry, the absence of nitrogen can only be due to the 
possible contact of sea water. The volcanic nature of these 
countries being granted, the periodical upheavals and sinkings of 
the ground are historical facts, and it is known that on these 
occasions violent high w'aves are frequent. 

Mejillones Guano^ like Baker guano, is a brown powder mixed 
with more or less large friable lumps, consisting in part of phos- 
phate of ammonia ^nd magnesia. In the early days, this guano 
wa9» frequently mixed with granite chips, from the rocky bed on 
which J]he deposits lie. But later the importers installed crushers 
and driers, which have enabled them to eliminate the stones and 
to dispatch^the guano as a uniform powder. Amongst the numerous 
analyses publisked, that by Fresenius and Neubauer is reproduced 
here. These chemists f(?und in ^le sample dried at 100° the follow- 
ing results : — 

TABLE XXXVIII.— ANALYSIS OF MEJILLONES GUAI^. 

, • , Per cent. 


TribaBic phosphate of lime 60-564 

Monacid phosphate of lime 17-96^ 

Sulphate of lime . . • • • • 1-069 

Carbonic aci^ . . . . . . 2-052 

I • Phosphate of iron, etc. 0-072 

Water aftd organ^ matter 10-161 

Ammonia calculated^. ^ oxide 0-018 

• Sulphate of magnesia * • • • 1-528 

Nitrate of mt^neBia 0-034 

Common salt . . ! 8-739 

Total phosphoric acid ^ 38-404 

Nitrogen . 0-729 
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Dr. Gilbert gives the following analysis : — 


TABLE XXXIX.-ANALYSIS pF ^tEJILLONES OUANO. 


• 

* iVr c^tiL 

Water 

o-u 

Carbonate of lime . 

0-32 

Sulphate of lime .... 

. .3-26 

Phosphate of lime basic . 

. • 33-64 

Phosphate of lime monacid 

26-44 

Phosphate of magneKia monacid 

1035 

Oxide of iron and alumina 

1-35 

Silica ...... 

0-80 

Sodium chloride .... 

7-32 

Orfi;anic matter .... 

. • 7-20 

j • 

100-00 


As will be seen from these analyses, about one-fourth of the' 
phosphoric acid is combined with magnesia. And if the phosphate of 
magiiesia is in itself more soluble than phosphate of lime, it is so 
to a still greater extent in the case of monacid phosphate of magnesia. 

^'lippertnn Island (luano . — The discovery of guano deposits in 
Clipperton Island is more recent. This Island is situated in the 
open sea off the coast of Brazil. The coral chain surrounds a fi’esh- 
water lake in mid-ocean and has served as a refuge to sea birds 
for thousands of years. Whilst the nitrogen (jf the exci'ement was 
carried away by rain water the phosphoric acid combined with* the 
lime of the coral. The whole of the isle is covered with phosphate 
to a depth of six feet. The average analyses of thirteen samples 
taken in different sections has given 83 to BB per cent^of trib^sic 
phosphate and 0'03 of oxide of iron and alumina. 4n the dry state 
the phospho guano is ff yellowish s^ndy poVder. Dr. Gilbert gives 
the following analysis : — ^ 


TABLE XL.-ANALYSIS OF CLIl>PERTON ISLAND GUANO. 


• 

I'er 

Water 

3-80 

Tribanic phosphate of lime 

... . • . 7H-09 

Phosphate of ijiaRnesia . 

0-55 

■^arbonate of lime . 

6-7.3, 

Quicklime . . . ^ 

2-84 

Sulphate ot lime . . *. 

• 0-78 

Sodium chloride 

0-15 

SiO^ . . . 

.« *. • 0-28 

Organic matter 

. . . . . 4-83 

Oxide of iron and alumina 

0-04 

Undetermined 

. . . .. 1-01 




100 0f> 


'The points of the Chipana Coast, Pabellon de Pira, Pynta de 
Lobos, Huanillos, the Ballestas Isles, Guanapft, Macabi, Lobos de* 
.Afuera, etc., contain consider® 
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Nauru Guam , — Nauru Isle, near to the Marshall Isles, is in 
0*26 ofJS. latitude and 166^5'" of E. longitude. Whilst thetato^ls 
of the Pacific scarcely rise 3 metres (10 feet) above high water, the 
Isle of Nauru rises about 75 metres, with an area of 2000 liectares 
(5000 acres). A bank of coral chains 60 to 90 metres wide (195*6 
to 295*2 feet) ei^oircles the island. To that succeeds a flat zone 100 
metres wide covered with coconut trees ; behind rises a rocky region, 
^ which consists of a mass of phosphate of great richness. No one 
knows the depth of this deposit, but the beds are so extensive that 
their working may last for several generations. The quality of this 
phosphate would appear to be superior to that of all the phosphates 
hitherto examined, both as regards the richness and regularity of 
the phosphoric acid content, 86 to 87 per cent Ca.jPoOj^, as well as 
the small proportion cf oxide of iron and alumina. ( 

A large part of the exports of Nauru phosphate goes to countries 
’washed by the waves of the Pacific, Japan, Australia, New Zealand, 
rand Honolulu, .but Prance, Belgium, Great Britain, Sweden. Norway, 
Russia, and especially Germany, likewise import large quantities. 

AiKjaur Island Phcsphale . — The deposits of Angaur Island 
phosphate comprise about 2,500,000 tons which may Idc extracted 
in the open air. Four-fifths of the deposit consist of a phosphate 
with a content of 80 per cent of tribasic phosphate of lime. The 
working was originally leased for thirty-five years to a German 
(Company with a capital of 4,500,000 marks, say £225,000. 

MaJcatea Isle Phosjdiatio Deposits . — There has been discovered 
in the island of Makatea deposits of phosphate containing, according 
to the analyses made, from 60 to 85 per cent and even 90 per cent 
of pure phosphate of liq^e. Makatea Island belongs to the Pau- 
motou Archipelago, and lies 120 miles to the north of Tahiti. It is 
4-^ miles long and 1^^ miles wide. Its formation differs from all 
the other islands of the Paumotou group, in that it has no lagoon, 
and rises up to 230 feet, whilst the other islands are simple chains 
of an average height of 8 feet above sea-level. Phosphate has been 
found ill several of these atolls, especiallj in that of Niau, Guano has 
also been found in Puka-Puka in the extreme north-west of the group. 

ihe deposits of Makatea are estimated at 30,000,000 t6ns and 
will be exploited-'by a French company. 

' Imports of Giiano, etc,, taken from the Annual Reports of the 
Chief Inspector of rilkali Works : — 


Tons. 

1908.. 

1909. 

1910. 

1911. 

1912. 

1913. 

1914. 

1915. 

Guano 

34,417 

20,.321 

7,000 

34,124 

14,115 

25,548 

39,28.5 

26,720 

Mineral phosphate 

530,177 j 

**51,807 

455,500 ! 

493,413 

[ 520,270 

539,016 

556,605 

374,639 

Sodium nitrate . 

145,724 

00,207 

120,600 

i 128,487 

123,580 

140,926 

171,910 

132,158 
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Distribution of Phosphates in the Different Geological Fornia- 
tiAis.-*-On examining the subject from'a geological point of view, 
phosphoric acid, or phosphoric acii and nitrogen, is found in the 
following formations : — 

1. Gneiss Ejjoch, as apatite in Sweden, in Finland, in Norway, 
in the mountains of the east coast of North and Souij^ America. 

II. PalcRozoic (or Primary) Epoch. — 1. Silurian For^nation . — 
As phosphorites in Spain and in the South of Russia. • 2. De- 
vonian Formation. — As phosphorites in Germany. 3. Carbonifer- 
ous Formation, — As Blackband in Great Britain and Germany. 

III. Mesozow or Secondary Epoch. — 1. Trias Forjnation. — As 
Bone Bed and fossil bones in England, Germany, and Switzerland. 

2. Jurassic Formation. — As coprolites in Germany and England. 
(iiias.) — As phosphatic nodules in France and Germany. (Osteo- 
lithes.) — As phosphorite in French Jurassic marls. 3. Cretaceous 
Formation. — As coprolites in France, in England, in Germany, and 
in Holland. As phosphorite in Spain, in Belgium, in France, in 
Austria-Hungary, and in Russia. 

Cainozoic or Tertiary Epoch. — Eocene •Format ion. — As copro- 
lites in England and Germany. As phosphates in France, Algeria, 
Tunis, the Carol inas, Tennessee and Florida. 

Quaternary and Eecemt Epoch. — 1. Ah fossil bones. 

2. As phosphate in the islands of Navassa*Rodonda, Rata,, St. 

.Martin, Curasao, Testigos, Buenos Aires. ^ 

3. As guano crusts in the islands of Starbuck, Flint, Sombrero, 

Avalo, Los Roques. As phospho guano in the islands of Baker, 
Howland, Fanning, darvis, Malden, Mary, Endei^^ury* Fhooiiix, 
Sydney, Vivorilla, Moiia, G(;orge, Raza,*Clip})erton, Monk’s at 
Mejillones, in the islands of LeysSn, French, Frigatte Shoal, at 
Bramble Cays, Shoal Bay, Shark’s Bay, in the islands oT Timor, 
Ashmore, Brown, Jones, Lacept*de, Abrolhos, Huon, Birds, Kurian, 
Murian, ^wan, and at Algoa Bay. , 

4. As guano in Peru, Chili, Patagonia. Iji the islt^nds of 
Galapagos, Bat, Ichaboe, Dafnaraland, tfnd Saldanha Bay. 

5. Bat guano oh the Mediterranean coasts, Egypt, Sfydipia, 

Galicia, ^orto Rico. , 

It will be convenient to add fo this classificatioif the substanqes 
containing phosphates manufactured by industry such af bone black 
\'spent char), bone ash, artificial guano manufactured from the 
excrements and the dead bodies of animals, nshes, and crustaceans ; 
in addition to the precipitated phosphate of the glue and gelatine 
factories, and finally the phosphates of basic slag. The fqylbwing 
table prepared by Dr. M. Ullmann corrtains the analyses of all 
phosphates known up to the present time. As this docunjent is 
absolutely unique in scientific literature it is rej^oduced here at the 
ifisk even- of repeating what has been given. 
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Geo firaph leal Distribution of Phosphate of Lime and 

* • < 


c Analysis, o 


i^ocalities. 

* A 

A. Europe. 

. Stoeden and None ay. 

Longitude 

of 

(ireenwioli. 

Degrees. 

latitude. 

I iVgrees. 

Designation. 

te 

l‘er 

Cent, 

c s 
C.2 

Jl 

Per 

Cent. 

* 1 
S ' 

Per 

Cent. 

[rageroe 

11 E. 

59 N. 

Apatite 

0*45 



45-58 

jangesund 

11^7 E. 

59 N. 

Chlorapatite 

0-82 

— , 

51-02 

2. (iermany. 

lartz 

11 E. 

52 N. 

Apatite . 

1-2 


, ' 

lelmKtedt 

11 E. 

52 N. 

I’hosphorite 

1 4-2 




VasHerhihen . 

1 1 E. 

i 52 N. 

' 0 



jahn et Dill , 

8 E. 

: 50-5 N. 


I 8-85 

— 

37 -.SI 

*eine .... 

10-2 E. 

52 -H N. 

CoprolitcK 




Jorde .... 

7 -5 E. 

; 51-5 N. 

1‘hoKphorile 







Lmberg .... 

*12 E. 

49*5 N. 

Osteolite . 







)elmp (riorraino) . 

() E. 

49 N. 


— 

— 

— 

,‘H. A tintria -Hungary. 







Ichlaggonwald (IV^hdinia) 

IH E. 

50 N. 

Apatite 




javanthal (Carinthia)t . 

ir> E. 

47 N. 

I’hoKphorite 

' 

z 

1 21 

Itarkfnbacih (Dolu-inia) . 

ir> r, E. 

50 -5 N. 

Coprolitia: 

' 

74-08 

12-26 ; 

Iraeow (Galicia) 

20 E. 

5f?N. 

E.at guano 

; 7*50 

75-20 

— 

4. lieUjiuin. 


, 







r>-r> E. 

i 50 () N. 

Phoaphatic ohalk 

i 0v98 1 

2-88 

40-64 

Jiply . . . . 

, 4 E. 

50-5 N. 


1-52 ; 

— 

45-45 

a. France. 

Uellegardc-Hur-llhdnc 

4 5 E. 

! 49-7 N. 

Coprolites 

i j 

4-7b j 

0-2 

32-50 

^omnie 

2 E. 

.70 S': 

PhoKphorite 

! 1-69 ' 



47-84 

J6t 

! 1-5 E. 

44 '5 N. 

,, . . 

! 4-27 


50-10 

/auoluse . 

, 5 E. 

44 N. ! 

.. . . ' 

2-45 



^6-57 

lirdennoH 

4<>E. 

i 50 N. 




3dalognc 

, lli'E. 

‘ 50*7 N. 

1 

Coprolites 

0-84 ; 

8-14 

38-06 

0. iCnly. 

iardinia (Cagliari) . 

.9 E. 

1 

■ 89 N. 

Hat guano 

18-77 

61-14 

5-17 i 

. 7. Spain. 

ilaceres .... 

fi-5 E. 

i .89-5 N. i 

Phosphate 

0-721 i 


1 

i 

Sstremadura . . . | 

B W. 

1 1 

Phosphorite 

0-30 i 
. 1 

— 

43-41 j 
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G^iam Deposits and their Chemical Composition. 


,\nalyhi8. 


o ® O 


ej 

i .2 


1 1IJ 

1 i 
sS 

'Z c 

.Vnaly.st. 

111 



1| 

r< 

HI 


-- 

; C 

• 

Per 
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Per 

iVr 
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Per 

i per 


Out. 

C'eut. 

Cent. 

(Vnt. 

Cent, 

Cent. Cent. 

Cent. 

i Cent. 



100 

0-77 


34-30 

-- ’ 74-87 



j — 

A, llet%r 

_ 

0-90 

_ 

0-80 

38-02 

~ 82-99 


i 

K. GiUsefeKi 


2-4 


18-32 

- 33-43 

7-10 





2-86 





19--27 

-- 41-48 

8-t> 

; 

• 



H72 




18-18 

-- 39-70 

7-9 


K. Schulte 



4-75 

3-08 

0-18 

•29-19 

— 63-72 

• 

4-88 

Dietrich A Konig 








fhinrine 

• 

_ 

Very rich in iron 



34-33 

— abt. 73 


— 


— 

Up to 19 

7o of iron 



19-3.21 

44-20 

— 



— 

— 

- 



36-64 

— 80 


3-0 



Phosphate of <ron 


18-04 

- 33-44 



i 


A alumina 13- 








20 

'Vo 






: 1 

1 

— 


__ 


30-59 

- 66-79 

8-34 

3 ‘26 

^leusel ^ ! 

— 

— 

— 


29-30 

— ^ 64-39 

13-5 

“t 

— 

— 



1-31 

• 6-99 

- - i 13-23 

•“ 


llentis i 

— 

— 

__ 


3-82 

9-17 ' ^8-33 


*“■ 

Scheihlcr 

• 


2' 

i#9 

1 

'0'79 

27-23 

i 

- 39-49 ! 

7-04 


j Anglo -Con t. 0. W. 

! 1918 

1-75 

1-11 

— 

22-17 

— 48-44 1 

— 

• 

j A. Grimm* 

1 • 

1 

16 -OO* 



12-12 

-- -26-40 1 



J)ugfer6 * 

! 9-17 

2*21 

0-78 

32-23 ! 

1 • • 70-42 

9-10 


A. Grinim 

— 

2-96 

0-26 

37-07 

— 80-92 1 

3-43 


Ulex 


3-30 

0-33 ' 

19-90 ; 

— 43-44 1 

0-84 , 

1 ~ * 

1 K. GiisHefeld 


4-6 

2-3 



18-04 , 

— 36-43 1 

10^13 

3-0 

Delattrc 

i “ ■ 

2-89 

309 

0-58 

21-06 

— 45-97* ; 




1 

i 

traoe 

trace 

' 

0-86 

3-02 

1 

3-72 ; 10-95 i 

- 

- 1 

PaveKi & Hotond 

i 1 

I 

O-^l 

0-427 


29-455 

— 59-594 ! 

13-227 

i 

0-983 1 


? 4-85 

1-64 

^ 

32-60 

-r 71-16 1 

• — 

2-57 1 

Niederatedt 






' ' I 


fluorine i 

A. Grimm 
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( 

Geographical Distrihntion of Phosphate of Lime and 


^ Analysis. ^ 


Localities. 

Longitude 

of 

Greenwich. 

Degrees. 

l.Atitude. 

Degrees. 

Designation. 

& 

Per 

Cent. 

g.i 

ji 

Per 

Cent. 

~pir 

Cent, 

Logrofian 

5 5 W. 

39*4 N. 

Phosphorite 

2-40 



— 

Truxillo . . • . 

fl 

8. Russia. 

6 W. 

39-5 N. 

• t 


- 


Podolia .... 

27*5 E. 

48-5 N. 

Phosphorite in balls 



_ . 

_ 

Kursk .... 

3() E. 

52 N. 

Phosphorite 

3-57 

— 

— 1 

Woronesch . 

39 E. 

52 N. 


— 

_ 

-t 

9. Great Britain. 







Ijpswioh (Suffolk) . 

1 E. 

52 N. 

Coprolites 

“ 


-- 

Cambridge . 

0 E. 

52 N. 


4 01 



45*39 

Bedford .... 

1*5 E. 

52 N. 








Wales .... 

« 4 W. 

52 N. 

♦1 

1*4 

— 

23*49 

Lyme . 

3 W. 

50-7 N. 



S 



Goodrich , 

ii. North America. 

10. Canada. , 

2-5 W. 

i 

52 N. 

Mineral phosphate , 



42*84 

i 

Ontario . 

80 

4.vN. 

' Apatite **. 

0*08 

1 

1 

Ottawa . . , . 

11. United States. 

75 W. 

45 N. 




New York 

75-6 W. 

> 44-4 N. 

Apatite . . . j 

; 0^2 



{ 51*48 

South Carolina 

■ SOW. 

33 N. 

Phosphate . . I 

. .j 

' 1*56 

— 

42-28 ' 

Charleston 

80 W. 

‘ 33 N. ' 

9*95 

6*65 

31-12 

Port Royal 

81 W. 

32-5 N. I 


0*5b 

1 1*01 

37*79 i 

Tennessee 

1 86 W. 

36 N.' 


0*80 

1 

60-60 

Plcvrida . 

[ 80 W. 

26-.S0 N. 

. . 

0*55 

1 — 

50*46 

Tallahasee . < 

: 84-4 W. 

30-5 N. . 

,, (Hard rook) . i 

0*25 

— 

— 

Barlow 

1 82 W. 

28 N. 

,, (Land pebbles)! 

— 

' — ; 

*_ 1 

Bjaoe River 

0. West IiBlies and * 
Mexico. 

82 V. i 

‘ 27-5 N. 

„ (River pebbles)! 

1*05 


““ 1 

1 

12. West Indies. 







Havana . 

1 8*2 *5 W. 1 

28 N, 

Phosphate 

11*90 : 

— 

' 

Onanahani . . . j 

74*3 W. i 

24 N. ! 

Phospho guano . ; 

9*83 1 

— 

•80*60 ; 

Vivorilla (Isle) . . | 

— i 

— ' 

7-0 

6*46 

45-26 ; 

Puerto Rico (Ponce) 

67 W. 

18 N. ' 

'Bat guano * 

17*68 1 

1 

51*66 

10*17 1 
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Gmno Dejmsits and Iheir Chemical Conijk>silim—<-<mlwiifd. 

Anulvsis. I • 
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m 
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c 

tc 

c« 

fc 

tti 

I 

y. 

Ji.l 

% ^ 
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}’er 
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IVr 

“iVr 

IVr 

I*er 
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; Cent. 
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Cent. 

i 

— 

2 

■22 


HK05 

— 

i Mr,-0H 

j 10 HO 


l)e Luniii 

— 
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-- 

— 

Ho -50 


7oH0 
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14U 

i 

i 

1 • 

• 




H4t) 

j 

74 2H 

0*02 


1 

j 

• ” 

Mi.') 
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— 

77 •H4 1 



! Sehwackhofer 

' 


1 — 

— 

lH-74 


HO-O i 

i 

24 


1 PieptT 


• 





i 



• 

— 

.rO 

CO 

-- 

24 wH 


r>4 0 • 

10*0 

H 

flnoriiie j 

Volcker 

‘ — 

1*87 

2-:,7 

0-4H 

20'7r> 

-- 

57 12 

— 



— 

— 

: 

— 

1H-H2 


iihout 40 


; 


— 

7-47 

j 5'70 

; 

15-4 

- I 

HH-02 

' f 


lIlMRpHth 

— 

l-OO 

! — 

— 

27 •or, 


0*1 

24-0 


• 

: — 1 

2' 

HO 

— 

27 OH 


00-H2 

11 -54 

1 







« 



• 



— 

-- 

— 


HO OH 

— 

#80-01 

4-47 

7-22 

W. H. HuU 

1 

000 

0-57 

Olo 

30 0 


85-24 

i 0-00 

0-8 

• 


l-{f^ 

i _ 

37 0 


70-50 

• 2-32 

0-42 

H. GilU^rt 


— 

— 

, — 

20-80 


58 •70 

! . 


Viileker 


2-80 

2-38 

1 •(;2 

20-02* 


45-60 

1 __ 

5-11 of 

Ulex 








! 

fluor. 




2-82 • 

M2 

Oo 

23-07 


51-07 

! 0-18 
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7-20 

HH2 

— 

30-00 


80-00 

; 


H. Grimm 

9 12 

1-95 

— 

35-80 



78-15 

j __ 

* 


__ 1 

0-82 

1-27 


35-42 


77-32 

I 

• 

Pieptir 

— 

0-80 

1-37 

— 

31-50 

1 — 

08-06 

i — * : 


volcker 

j t 

i i 

0-52 

104 


28-08 


61-no 

, • 

^ • 

Gilbert 


2-88 



34-08 


74-40 

• 1 



16-98 

5-77 

— 

11-60 

0-73 

25-32 

' ' 

— 

A. Grimm 

i 

0-25 

1-27 ^ 

32-24 

i 

: 70-38* 

i 1 

— 

H. Gilbert 

1 

1*59 

0-17 • 

7-57 

8^5 

16-52 

1 — 1 

— ‘ 

A. Grimm 
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Geoijrajyhical Dislribntion of Piws2)hate of Lime aiid 


-t 


« 


• 


Analysis. 


fyjiigitude 



— 



— . 
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of 

Latitude. 

Dedgiiation. 








J 
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• 




V 
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I 
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20-12 



31-15 
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Coralline phosphate: 

2-7 

— 

37*6 
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67 *5 W. 

18* 1 N. 

Phospho guano . j 

7-66 

— 

— 

Sombrero (Islo) 

68 h W. 

10 N. 

Guano in crusts 

0-06 



36-17 
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68 W. 

18 X. 

Mineral phosphate . 

5-04 



47-69 
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62 W. 

17 X. 

Phosphate of alumina 

23-28 

— 
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71-5 W. 

17-5 X. 

.. 

16-40 

— 

— 

14. Lower Antilles. 
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12-5 N. 
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Giiano Deposits and their Cheniical Cimjmitiou — continued. • 
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Guam Depoiits and their Chemical Composition — continued. ' 
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CreogTaphictxl Distributioyi of Phosphate of Livie o/fid 
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Guano Deposits and Oieir Cheinkal Composition — continued. 
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DIIYING AND ENUICHMENT OF i’FIOSPHATES. 


Dryinff. — Phosphates, to fulfil the conditions required of them, 
must ^be dried and finely ‘ground. When the phosphates are 
massive (rock phosphate) or in lumps, they may he completely 
dried in summer by fftorage in a warehouse with vents in the side^, 
in winter, the drying is accomplished in a drying machine. 
Formerly phosphates were calcined to increase the percentage of 
phosphoric acid and facilitate grinding (p. 86 ei seq). Drying is 
indispensable in the case of the sandy phosphates of Mons, Somme, 
and Cambrosis. This operation is conducted in a kiln, on cast- 
iron plates, about two fifths of an inch thick, in contact with the 
flames of one or more furnaces hut protected from overheating. 
The phosphate is spread on these plates in layers of 4 to 5.| inches 
thicl^, according to thh nature of the material. The drying reduces 
this thickness about one-third. A charge is tinishiKl in 6 hours 
over the flues above the flames; in 8 hours on the flues, forming 
the first circuit of the flames; and in 10 to 12 hours on the flues, 
forming th^ se(j()nd and the third circuit. A drier of 250 square 
metres (820 square; fe(;t) will si:,^ice for treating 35 to 40 tons of 
dry phosphate per day of 24 hours. The consumption of coal is about 
2 cwt. pt;r t‘on of the granular roasted material obtained. The product, 
so dried, passes into cylindrical sifting machines, polygonal in section 
likeAhose of an ordinary flour mill covered with wire gsilze Nos. 
70, *80, 90, 100, 110 and fitted with baskets inside, in which to 
collect tbe larger fragments: The dry sand passes successively 
through the difVerent mesh sievt's, commencing with the ^larger 
sizes, '^he exit of the products Is,, thus regulated in a uniform 
manner over the >.’hole length of the apparatus. The residues on 
Hhe sieves pass out at tlie ends of the reels and are crushed in 
Hat st6ne mills running at a speed of 100 revolutions per minute. 
<*Sach pair of stones absorbs 1> to 7 H.P. The sifted phosphate is 
generally 7 to 8 per cent richer in tribasic phosphate than the«* 
ground ^ihosphate ; the whole is mixed in order to produce one 
average quality of the appean^nce of finely ground pepper. When 
the phosphate is in notlules, as in Auxois, they must be crushed or 
(X'^cked before grinding. The crushers and cracking machines, 
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used in the Meuse and Ardennes, consist of two cast-iron cylinders, 
stitld^ with projecting teeth in the forai of pynvinidal projections, 
which mutually intersect each other. At other times the crusher 
consists t)f a grooved moving plate which crushes the phosphate 
against a fixed plate (see Fig. and context). When the nodules 
to be crushed are not tpiite dry, the heat caused l)v the friction in 
the mills produces steam, which finds an exit througTi Vootlen pipes 
fitted either to the boxes which colI(‘ct the ground phosphate, or to 
the mill covers. Thes(‘ })ipes, acting as evaporators, pass tlirough 
the roof. The steam carries with it sonu‘ of the fine })hosphate 
dust. Of late mechanical drim's have betm ifistalled for drying raw 
phosphates. 

Cali'huwf the Xoditles.- Hofovi' crushing the no<lules, the}-*were 
first only dried in the sun. or on iron plates luMited artificially. 
More recently they have been calcined in special furnaces to free 
them completely from waU'rand carbonicacid ; tiunr w’lngbt ptT cubic 
meter is thus reduced from 1000 kg. to 050 kg., say from 20 cwt. to 
10 cwt., the ])ercentage of phosphoric acid bi*ing incn'ased pro rfita. 
Tliefe furmu;es are I n inetres, al>out 11 ^eet 0 inc^bes high, and 
about 25 cubic metres in capacity, with a diaim^ter of 2'b5 metres, 
say 8 feet 8 incb(‘s, at the to}», 1 H metres, say 5 feet 1 1 inches, at 
the base, and 3 metres, say 0*84 feet, in tlu‘, centre. Tbt' bottom 
consists of a busk fornu^d by two inclined |)^an(*s tmding in two 
wide discharging orifices. The phos))bat(‘ n'sts on iron Ifais, 
supported at one of their ends by tin* inclined ])lanes of tW* busk 
and at the other by the. horizontal metallic lintels wdiicb form tin* 
■crown of the discharging orifice. These bars form tw* grates at 
the bottom of each l'yrnac(*, and tbiw’ are, iiscai regulat(! the 
<lescent of the products. It suflict . Ao draw' one to let tin* calcined 
nodul(,*s fall through tin* opt*ning. Tln*y can tlius lx*, withdrawn 
at any point of their contact with the grate* ; abov(* each gratt; the 
side of furnac(* is pi(*rced by an op(*ning through which to 
ins})ect the })rogr(‘ss ot tlu* operation. Tln^ turnac(‘H are built* of 
bricks or masonry ; they are fill(‘<l witii nodules in layers t inches 
thick which are separated by very thin layers of fuel, small coke, 
or antH1'acit<*. A furnac<* of the al)OV(* dim<*nsions yit'Ids 4^ ctibic 
metres of calcined phosphate in*t*wenty-four hourj% A charge thus 
remains in the apparatus live to six days. The rf)asting of a ton 
of nodules requires about I cwt of fuel. Tin? •lOilule.if first go to a 
orusher with smooth blades; they then by an (devator chain 
of cups to the top of th(; building where they are dropped into an 
Tron trough which feeds the mills beneath. The ground phVsphate 
passes automatically to an elevator w'htch raises it to th^ level of 
the two sifting machines between which it is fed. From the sifting 
machine the substance falls into a w'ooden r^iservoir fituki with^ 
•two bag filling machines. Whilst in the Pas de f’alais district 
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M ates are always washed after simple hand sorting from the 
[ the gangue, in the Meuse and Ardennes they are ^io\t — 
after disintegration by the pick and breaking up on the spot — 
screening them by throwing them on a trellis of iron wir6 called a ' 
billard, the square meshes of which are 8 to 20 mm., or a screen 
of iron bars 8 to 10 rnm., say one-third to two-fifths inch 
apart, which frees them from one-third to one-half of their 
impurities, but at the same time small nodules and fragments- 
broken off by shock are lost. This method is profitable when 
the nodules are not friable, and easily separated from their 
gangue. Screening is followed by washing with a current of water 
in mechanical washers, or in washers fitted with blades, or dry 
sortiilg known as /awKje. The phosphate nodules occur near the 
outcrop of the Greensand at no great depth, the sock of the plough 
often bringing them to the surface. An extensive business is done 
in collecting them and selling them in bulk to the phosphate 
cleaners. Eanage consists in passing the raw material through a 
screen after (jxposure to the air, so as to dry it completely and thus 
render the argillaceous sands more easily separated from^’ the 
nodules. The operation is repeated five or six times with the 
object of getting a satisfactory cleaning. Drying is facilitated by 
spreading the nodules in a thin layer on the ground and turning 
them like hay, fronn which operation is derived the name given to- 
the ‘‘[jrocess. Fanage only succeeds if the gangue is of such a nature 
as to Ifend itelf to the treatment. The nodnlea fanes, poorer than 
washed nodules, contain 10 to 15 per cent of impurities. They are 
exposed tarain to wash the impurities away in the form of mud. 
Fanage is completed by rapid washing. ^ 

Hortituf aiid Sale (if liaii'^Phospliaies. — Raw phosphates are 
sold by F.,Or, content. They are bagged up into 5 grades each 
differing by 5 units— 50-55, 55-60, 60-65, 65-70, 70-75, 75-80 per 
cent. It is thus easy to supply any strength required. TJo control 
thd strength of wagon loads, buyer’s and seller’s agents take counter 
scaled Samples at the station from .each wagon, four nvndoni 
samples from 25 to 30 bags. One is tested by the seller’s chemist, 
the 'othfer by the buyer’s. When there is more than 2 jter cent 
difference hetwe^m the results, thb‘ third sample is analysed by a 
third chemist and the average of the nearest taken. The fourth 
sample is k&pt as check. In case of shipment the goods are « 
sampled in the wagoivs as -they reach the harbour. Sampling is- 
done either by the broker alone or by the broker in the presence 
of the oeller’s agent. * 

Diffefent Methods of Strewjihenimj and Ulilizimj Poor Q-uality 
PhosphateJi. — Numerous methods have been suggested to utilize 
the larj^e quantities pf low-grade phosphates unfit for making super- 
^phosphates. These methods may be specified as follows : (1) To», 
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foitify them in various ways : (2) To free them from the ses(|iiioxideft 
of^iroji and alumina, or (3) To increase J^heir solubility or to extract 
fix)m them their phosphoric acid. * None of thest‘ pioct*sse8 Inive 
been adftpte<l in actual practice, because they are too costly and 
also incompatible with the present state of tlu‘ manure trade ; tliey 
will continue in abeyance as loni.^ as hi^h ^rade plu)si)}iates. with a 
low oxide of iron and alumina contcmt. are availabU*. flu' latter only 
requiring to be rendered sohibb; to produce (‘xcellent sup(‘rphos- 
phates. The following ar<‘ tiu* chit'f ])atents taken tuil for this 
purpose : — 

1. DununucaK and Stculds (French ])atents Nos, 201,127 and 
201,401 ) propose to fortify low-grade phosphates, consisting of phos- 
phate of lime, and carbonate of lini(‘, by llie use of sul])hur. The 
j^rinciph^ of the two methods is as follows; l*hos})hatic, chalk is 
calcined so as to produce a mixture of ])hos]ihat(* of linu* and quick- 
lime, which is mixt'd witli watei' arul sulphur in iron pans. Tlu‘ 
insoluhh^ ])hos])hat(‘ of lime is sc'parated from th(‘ soluhle sul})hides. 
formed. The strength is thus forlilit‘d 20 to 30 ])er cent. \ cuit(u>t- 
of cift'honic acid is injected into the solution. ^iuljihur and sulphuretiecl 
hydrogen being thei(‘hy separat(‘d, the latter being convei'ted intosuf- 
phui' by means of sulphuious acid. 

2. Simpsiin iej)lac(‘s sulpluir by sul])huretted hydrog(m (German 

patent 5*S.02o), and after calcinatioii of the ra\v^)h(>s])hates, inji'cts it> 
into watci', holding thn ])lios])hat»*s in suspension. 'Hu* calcium 
sul])hides are aftei wards treated with carlionic acid, or* with si^l])hatc‘ 
of soda, to transform them into gvjisum an<l sodium sulphides; 
the latter treated with carbonic acid yielding sulphinctttfl hydrogen 
and soda. ^ * 

3. IhiH'lidii (French patent 21.^.o77) extracts ])hosphates rich 

in carbonate of lime by means of carbonic acid under ju'es^uri' after 
crushing and Stirling u}» with water. Tlie li(|uid containing tlu!> 
acid carbonate of lime is se])arat(*d from tin* insoluble phosjihattv 
and treated for the recovery of the carbonic at^id. ('arhonat(?*of 
lime is, however, only slightly soluhle in carbonated water eviAi under 
pressure (1 cubic metiv of water only dissolves 3 kg. or 100 ^fallons,. 
3 lb, uifder a pi'essure of 4 atmosjjhen's at .7' (’.). 33ie proces's is, 
thus too costly. • « 

4. Whisiwjer, to pre]rire bicalcic ]jliosphate fri'c from oxide 
of iron, completely soluhle in citiaU* of ammoitia (GeTrnan jiatent 
No 51,739), extracts all tlu^ plios]d)oric acWl of the phosphate of 
lime by sulphuric acid, converts lialf the solution into monocalcic 
phosphate, by addition of carbonate of lime ami milk of limeVwhich 
precipitaUi tlie iron ; he adds this jirecijjjtate to the othcu’ fialf, and 
obtains by addition of sodium sulphate, sodium carbonate and 
quicklime, phosphate of lime insoluble in watei free fiom oxi<le of , 
iron, which he finally adds to the solution of monocalcic phosphate. 
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A bicalcic phosphate is thus obtained, and gjpsum and caustic 
soda are produced as bye-products. This process is ^ttfer 
complicated. • 

5. 0. lahne (German patent 57,295j prepares phosphate of 
lime free from oxide of iron, alumina, and silica, by acting on 
phosphates rich in oxide of iron and alumina with sodium bisulphate. 
The raw phosfjhates (coprolites, etc.) treated with an aqueous solu- 
tion of sodium bisulphate, in this case carbonate and phosphate of 
lime, dissolve, whilst the silica, and iron, and alumina compounds 
remain insoluble, and may be separated by hltration along with 
the gypsum. By evaporating the solution a yellow salt is obtained, 
the comj)osilion of which corresponds to the formula 2Na.^SO^ + 
Cail 4 f*./Js< HoC), which may be employed as such, as a manure, 
or mixed with gypsum, horn meal, or peat; it may also Ix) used in 
stables, to fix ammonia. 

0. In making superphosj)hates, Martin proposes to use the acid 
sulphate from the manufacture of nitric acid. The acid sulphate 
frorFi the cylinders is dissolved in water, so as to produce a solution 
of 45 to 50'' B. The precipitate consists of bisulphate, which it is 
easy to convert into sulphate by recrystallization, whilst the strongly 
acid solution is used to dissolve raw ])hosphates. .\11 the phosphoric 
acid is dissolved, and the n*sultant supophosphates have less 
tendency to retrograde than those made with sulyihuric acid of 50'" 
to 5)i B. 

7. 'lliunniir and //v/./7m/’.v Belgian ])atent No. Of), 109, and iiu/- 
/und’.s* Belgian patent 190,190, to eliminate the oxides of iron and 
alumina, tr.ay also be mentioned. 

8. NVd/uc/// ])ropos(‘d to make supe‘rj)hos])hates from ferruginous 
phos])hate thus: .As soluble feHic oxide induces rt^trogradation of 
the phosjylioric acid in siqierjihosphates, whilst the ferrous oxide is 
inactive, and as sul])hate of ammonia jiossesses the property of 
forming with a ferrous salt double salts very stahl(‘. in air, Schucht, 
on '"such data, proposed to dissolve j)hosphates in presence of sul- 
phate of ammonia, then to «tTect the iH*duction and so obtain very 
stable supeiqihosphates of ammonia. With this end in view, the 
finery ground superphosphates are mixe<l with sulphate of ammonia. 
One part Fe.,0.j ''e<piires 1*75 parl4 of that salt to form the double 

' salt FeSO^ -f (NH,,).^S 04 4- (>11./). Reduction can otdy lie effected 
by weak suljihurous acid which is injected under pressure into the 
. diluted mixture of superphosphate heated to 80' to 100'' (’. Schiicht 
l)elieved that the small amount of sulphurous acid in the pro- 
duct vxbuld quickly oxidize and become innocuous to plant life. 
The author is not aware if this method has ever been used ; in any 
case, Schucht makes no mention to this effect in his lx)ok. Besides, 
a phosphate contairdng 3 to 4 per cent of ferric oxide and alumina 
will only cause an invei-sion of 0’50 per cent in stored superphos- 
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pbate, a !osa say of IJ. a cwt. That is why the aliove process only 
attention, in those cases where .the purchusei* also pays for 
Ihe nitrogen. Otherwise the process would hardly lie worth the 
trouble.* 

9. Can ’.'i process, dealing with phosphates rich in oxides of iron 
and alumina, is analogous, it consists in calcining the phosphate, 
grinding it tine and then mixing l(X)0 parts with ifK) parts of sul- 
phate of ammonia dissolved in 40U c.c. of hot water, to which is 
then added 800 parts of sulphuric acid of 53 B. violent reaction 
ensues, the mass intumesces and heats to 110 ('. After an hour it 
solidities and is easily ground ; it contains 18 per cent of phosphoric 
acid, two-thirds of which are soluble in water. This piocess is 
interesting, moreover, it is simjile, and yields good resiilts ; itfmight 
(^e advantageous to use it in the manufacture of phosphate of 
ammonia, if the raw materials were to be obtained clieaply. Be- 
sides, this process seems to preclude the retrogradation of the soluble 
phosphoric acid.^ 

10. (ilaser proposes to manufacture jirecijiitated phosphates 

.froifi insoluble jihosphates of alumina, by treating the latt(‘r with 
a cold alkaline solution or with a hot concentrated solution of 
alkaline carbonate. In this opi'ration the phos])hate of alumina is 
dissolved. In using the* alkaline solution, tin* Inpiid separated 
irom the residues is treated with carbonic aci(4 If a hot solution of 
alkaline carbonate be used, it is coohsl, and the dissolvi'd phosphate 
•of alumina is ])recipitated. The solution is then used fcX' a new 
■operation. But made, raw phosphate of alumina does 

not dissolve in a hot solution of alkaline carbonate. • , 

11. Petermann (iembloux r(‘conmn‘nds ti^.*ating the raw 
phosphate at a high temperature, U) convert the phosjihoric acid 
into a very solulile form. Bazin has baseil a British patent No. 
15. ‘237 on this principle. He lu'ats phosphates in retorts to a 
tem})eraiure of 1300^ to 15()0’ (b 

12. llodijkim (American ])atent No. 423.320, 1890) mixesHhe 
phosphate in line powder, .with (piicljime, which he thefi slakes. 
But it is not aj)par«nt how such tr(*atinent can render phosphates 
more i^luble. Bc'sides, no held ex])eriments apjiear to hftve been 
made to test the value of the re^(\^ltunt manure. ^ 

ManufactHYv nf I*reci]>ilate(i Plutsphale hi/ Klcclrolj/ais. — A new* 
method of manufacture, based on electrolysis, lias Been invented 
by Prof. W. l^almer of Stockholm, k coisists in converting the^ 
raw phosphate by the wet way into a readily assimilable form, 
at the ordinary or a slightly elevated temperature. The raw 

• 

* But it is evident on the faee of it that* such {generalizations sre futile. 
The data given can only have been applicable to the particulHv phospliate to 
which Carr applied it. All phosphates rich in oxiies of iron and alumina 

• would not respond to such treatment so as to yield the above results. 
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material is ground apatite, which need not be finely ground. In an 
apparatus, specially constructed for the purpose, a solution ^of 
chlorate or perchlorate of soda is electrolyzed ; this disengages 
free chloric acid, sometimes even perchloric acid, in the aHode cell. 
The acid (mode liquid is made to react on the raw phosphate in a 
battery of wooden cases, fitted with perforated bottoms so that the 
solvent fiist cdmes in contact with almost exhausted apatite. The 
alkaline liquid from the mtliode is added to the saturated solution, 
in special precipitation vats, taking care to stir, until a slightly 
acid reaction ensues. There is thus formed a crystalline precipitate 
of acid {)hosphate of lime. It is freed as completely as possible 
from the mother liquor, by filtiation and washing, which is greatly 
facilit?ited by the physical nature of the phosphates. The yield is 
very satisfactory, because only about 1 per cent of the phosphatp 
in the raw material remains in the solution. The latter, which 
contains a third of the amount of lime originally eliminated from 
the a})atit(j, is mixed with the residual alkaline cathode liquid, 
whe^i the gj'eat(u- ])art of the lime is precipitated as hydrate ; finally, 
a current of carbonic ackl gas is injected. After precipitating the 
linui the solutiori is withdrawn and run into the electrolyzer. The 
electiolyte is thus continuously regeherated. The product so ob- 
tained generally contains db to 38 per cent of total phosphoric acid 
(the formula C>alIPC>, -}- 2H.XJ requiring 46-07 per cent of 
About 05 per cent of the ])hos])horic acid in this product is soluble 
in ret(?i-mann’s solution of ammoniacal citi-ate of ammonia. The 
composition of the pi-oduct depends, moreover, on the amount of 
lime in tlw; raw imiterial ; when it is rich in lime it requires a 
greater amount bf acid, and c()ns(‘qiu‘ntly of electrical energy. Thei'e 
is a bye-product of slaked lime 6qual to 33 per cent of the bicalcic 
phosphaUf formed. This process, which was the subject of several 
years’ laboi-atory work, was tri(*d industrially a few years ago in 
an installation of 6 to 8 electric horse-power. One electric horse- 
povvei- can ])roducp annually 20 cwt. of bicalcic phos])hate soluble 
in citrate, or 23 cwt. of 32 per cent. The cost of manufacture has 
been provisionally estimated at 8'44 Swedish crowns per cwt. These 
figures refer to an annual production of 2200 tons of bicalcft phos- 
phate of 34 per cymt. (yomparativd experiments on oats cultivated 
in pots, and continued for five years, showed that the phosphate 
precipitated b’y elect.olysis, provided that its composition, responds- ‘ 
to that of bicalcic phosphate, exerts a fertilizing action fully equal 
to and as durable as superphosphate. The addition of substantial 
amount*'^ of carbonate of lime did not diminish the assimiiability of 
the former, whilst with tribasic phosphate the contrary is the result. 



( HAPTKR IV. 

HISTORICAL RKVIKW (>L Sl'RKRRlK (SIHATK M AN L 1 AC ITRL. 

It can he safely ass(Mtetl that the superphos]>hate inOusLry Js the 
ontconn* of Iiiel)ijf's tlieory. H(‘ was. in fact, one of tlu‘ first to re- 
<;oniinend restorin'.^ to tlu* soil, not only thn nitrofj[(‘n removed hy 
ciO})s. hnt also the mineral matter, more (*S])ecially the jihosyihoric 
acid. For this ]nir])OS(‘ lu^ n'comimmded tlu‘ nsi^ of l)om‘ dust, and 
also of ]ihospho {.(uanos. Hut liavinj^ rmnarked tliat th(‘ ])hos])horio 
aci4 of these substances acted very slowly, he advis(>d tliat they 
should he triMited with sulphuric a(“.id so as*to nmder the ])hosphoric 
acid soluhle. and immediately assimilahh‘ liy }»lants. II is nu'thod 
was ado])ted, and yielded rmnarkahle results, thus ^ivin^^ hirtli to 
thr* su})erphosp}iate industry whicli spread ra])idly in (lermany, 
(ireat Hritain, and Franci*.^ * ^ 

'riic Manufacl Hvc of Sii jtn iflutsphitlcs from iHhO to LS70. — It 
is int(,‘restin^ to follow the new industry in tin* dilTenmt ])has(‘s of 
its (‘volution. Th(‘ theory of sup(‘rphos])hat(* manufacture' is in 
its(df very sim])le. Uaw ])hos))hat(*s contain ])ho!^)hofic acid, as 
trihasic phosphate of^lime. insoliihh* in water, and coiiseepM'iitly 
not assiinilahle hy plants. The task of th(‘ manufaetureu' of su})er- 
phosphaL' consists, tlierefpre, (‘sscmtially in (ionveu'tine thft insoluhle 
phosphoric acid of raw yihospliah's into water soluble or citrate 
soluhle <^)hos))}ioric acid. Tdiis is done by tr(;atin^ theun with 
sul}>huric acid, which removes as eypsum tw(» parts ol the lime 
with which th(! phos])hori(i* acid is ceTmhiiu'd, h^ivitiff one jiart of 
the liny- combined with tlii^ ])hos])horic acid, as the moimhasic or 
acid ])hosphate of lime' soluhle nj wafer. The ])roduct so converted 

• 

* The wiiter lins iio iiitentieii (if ilisparaKiiii^ claim ti» the triaitiiuait* 

of bones hy acid ; but th(i treatment of eoproliles and ti^jnefal pHoaphati- liy acid 
was hist sui'^osted by tin* Rev. Mr. llenslow.. Mr.^fiawi s was either preH((nt at 
Mr, Henslow’s lecture or read a report of it ; he. took out a patent for the procesH# 
«,nd proceeded again.st Mr. Riirser for digging for coprolite%on his (Mr. Rurser'H) 
own land for the purposes of treating them by acid so as to dissolve tb(;fn. Ijong 
litigation ensued, which was afterwards settlijd amicably. laiwes f^stalilished 
a factory at Deptford an 1 Purser at Millwall, with tin* river 'I'lnimes between 
them. Purser's Millwall factory was closed in the early nineties, fjawos’ manure 
factory is now at Barking. The mineral su[¥.*rphosphS,te industry is a British* 
horn indu.strv, like the sulphuric acid manufacture. — Tr.. 

- ((39) 
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is called superphosphate, since it contains more phosphoric acid 
than the normal phosphate.* • * 

As regards the simplicity of the process, the installatioi^ of the 
first superphosphate factories were very primitive. They contained 
little or no machinery. Three sheds, one to cover the raw phos- 
phates, the other the den in which to dissolve the phosphate, and 
the third for sforing the superphosphate. So much for the factory. 

' The toofs in the beginning consisted of a few harrows, hoes, rakes, 
and a sieve called a screen — that was all. As to the indoor installa- 
tion, it included a sulphuric acid tank, a few lead-lined measuring 
tanks, and three or four rectangular, round, or square dens. These 
dens \yere fitst made of hrick steeped in boiling tar ; afterwards 
cast-iron cases one inch thick, and sunk in the ground, were used. 
The method of manufacture was the following : A certain amount of 
sulphuric acid of 50“ to 52" B. was run into the den ; at the same time 
the phosphate was weighed and heaped on the edge of the den . Th ree 
men, each armed with a rake, agitated the acid, whilst the third 
gradVially shovelled in the phosphate. The mass soon thickened, 
and even set before the ‘^mixing” was complete. Neverthele.ss, to 
obtain a homogeneous mixture the mass was triturated by bringing 
it from one side of the den to the other; finally it was filled into 
barrows and removed into the superphosphate shed. There it lay in 
heap^ for a month ; finally it was hand screened and sent out to 
custorn^u’s. When well dissolved, it gave no core, any lumps 
being crushed by the back of the shov(‘l. until sufiiciently fine to 
pass through the screen. By sucli simple means sufficiently dry 
superphospRati^^ were obtained, comparatively fine and well dis- 
solved. These methods sulliced^at that time/ because the very pure 
raw phosphates were delivered in the ground state, or at least 
suffioientl5' fine to pass through the screen. 

1871 to 1880. — During this period the raw phosphates used, 
included spent hone black from sugar works, and guano fc'om the 
Pacific Islands, Baker, Jarvis, etc., were chiefly used. From 1871 
Mejillones guano h(*gan to he used, and' then the first difficulties in 
the manufacture were met with. The larger factories then installed 
fiatstone mills, roller mills, or stamp mills. This equipment, how- 
ever, soon became inefficient when it was a question of working 
'mineral phosphates such as UanadiaTi or Norwegian apatite. 
Sombrero, Navassa, Uurayoaand Aruba phosphates, Mexican guano, 
«-^ock phosphate, bone ash, etc. l^owerful crushers were then added 
to the fiatstone ndlls, for it was realized that fine gi'inding then, 
heciime '^essential in dissolving the phosphate, and in drying the 
superphosphate. At the same time, a mechanical crusher and 
sifter for the superphosphate appeared desirable. It was thus that 
the crusher called CJaf/r’s disintegrator was adopted. This machine 
did not at first always and everywhere give the result expected ; 
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the superphosphates, unless suitahly dissolveil, were converted into 
piUste* Such was the state of affairs aUiut 1880. But to follow up 
the treatment of the phosphates : .\t the outset of the manufacture 
of supei^hoaphate, the manufacturer was himself his own chemist; 
he submitted his raw phosphates to a series of dissolvin^^ experi- 
ments, varying; the quantity of acid tnich time. 1 le then sent samples 
to an analyst of tlie supeiphosphates which a))peared to have 
succeeded best, then lu* a})pli(‘d to the stock of phosphates the 
treatment estahlislu‘d by ^ropin^ in the dark. Kach new raw 
material required fresh experiments. U is haiiily iiecessary to 
remark that such a method of workin^f was feitile in disagreeable 
surprises for the manufacturer. This remark may hifve a})plied to 
continental manufactories hut it would 1 m‘ ])ossihle to ’name Several 
British manmo manufactories the work of which was controlled by 
chemists 15 to 20 years prior to 1871, and Hat stout* mills were also 
in use prior thei'eto. Tht* tninslator has handled works lahonitory 
journals of tht* early lifties, which show the manufacturi* was even 
thtyi under strict chemical control by tjualitied mt*n on the *jpot. 
British manurt' patent literalurt* of the eayli<*r days sp(*aks for itself. 

1880 to 1804. — In spilt* of tht* ^'ootl tjuality of ilu^ raw phos- 
phates, ana their low ])erc(*ntaj;e of oxide of iron and alumina, 
hitches in manufacturti wen* frtMpient, and t^radually the ni'tsl was 
ft*U for a ])ermanent control. Thus, si net* l(880, factories of any 
importanct* have each a chemist whose tluty .1 is to follo^' the 
material throii^diout all tht? phases of its tr<*atment. 'rhi^ c.ontrol 
becamt* more urgent when it was observ(*d in some kinds of mixed 
manurtis that a cert.un amount of the phosphoric aci^l had pdro- 
graded, that is to sa^, it had rt*turnt‘d to tht* ctflidition insoluhlt^ 
in water. .\t the samt* timt* that in using the Canadian anti Nor- 
wegian apatite, and Florida and other mineral phosphates, chlorini* 
and tliiorine, conqiounds highly injurious to tht* ht*alth of tht* work- 
men, ai^d annoying to tht* neighbourhood, wert!t*volvt*d. The machine 
for mixing the acid with the ])hosphattt was then substiiutetl for the 
treatment in tht; open dt*n» The tirst machine of this nature, was an 
inclintjd cylinder, in which a shaft litted with blades arranged in a 
helical manner revolvt*d ; it was chargetl with acid and phosphate 
at the upper end, and tht; mMure was run ou|| at the lower end. 
.\fterwards this apparatus was re])lact‘d by a Hat mixt‘r of cast-ironi 
likewise furnished with an agitator, in which fciit; acid*lind phosjihate 
were agitated two or thn;e minutes, then run out into a truck under- 
neath, whilst the gas given off by the phosjihate was carried to the 
open air above the roof through a wood(*n chimney. Tliesfcmachines 
answered all requirements so long as oply guano or other phosphates 
rapidly attacked by sulphuric acid were being treated ; howeve;r, the 
products were genemlly deficient in porosity l^ecause the greater part 
of the carbonic acid was disengaged owing to,the material remainiftg 
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t8o long ill the mixer. Then the system of closed chambei’s or dens 
was adoj)ted, because in dissolving veiy hard mineral phosphates, 
such as (yanadian apatite, pebbles, P^lorida phosphate, etc., a higher 
temperature was required, which it was easier to attain and ftiaintain 
in the closed chamhei', where the supeiphosphate remained for about 
twelve hours ; further, in connecting it with a well -constructed flue 
for th(.‘ disengagement of the acid vapours, the health of the work- 
men was safeguarded. When the chamber possesses two flues for 
the disengagement of gas, each 1 metre (3'2H feet) wide, and these 
flues are each fitted with a fan, and can be put in connexion with 
th(! chimney stack of the factory, or with a condensation plant, it is 
easy to elimitiate steam and acid gases. A diier supeiq^hosphate is 
thus obtained, and during the emptying of the chamber or “ house ” 
the workers can enter without running the risk of getting “ gassed 
But in actual })ractic<‘ difliculties are frecpiently met with. As 
already mentioiuid, as far back as 1880 it was necessary to instal 
plant to condense, tin; gas(! 0 us chlorine and fluorine compounds; 
thesv consisted niostly of woodmi or masonry toweis drenched \j’ith 
water, by a Koerting's vaporizer. The hydrofluosilicic acid obtained 
under these conditions can be converted into silico-fluoride of 
sodium, the selling piice of which covers the cost of condensation, 
leaving even a slight margin. This product, unfortunately, has only 
a limited use as a preservative;. The mixer installed above the closed 
■“ deirs ” or “ lious(!S ” is that of Ijoreniz, which is universally used on 
lh(j Gofdimuit. Lately, dissolving chamlxns have beam installed 
raised above the floor level, and belt conveyers ])ass underneath to 
facilitatt! eip])tying. This sysUnn has been adojited by cei'tain 
factories. * 

1895 to 1908.- -Such was the situation fioin 1880 to 1894. 
Superphosphate factories ])Ossess(.*d mills, machines for mixing acid 
with phos])bate, installed above a close den, into which the mixture 
was discharg(‘d and hd’t to itself for twelve hours ; arrangen>ents for 
(dimination and condensation of acid gases, disintegratois, or roller 
mills, armed with le(;th for, grinding .superphosphates. Mean- 
while ball mills app(‘ared. tlnm ball mills combined with tube 
crushers, 'then Grifliii’s ]H;ndnlum crusher, etc. ; dust chambers, on 
diflei’cnt plans, w(*re installed ; neVv'systems of transport, such as 
^lerial conveyors, btdt conveyois, to hi'ing the yihosphate to the 
crushers, coal ‘to the boilers, the crushed and screened superphos- 
phate to the storehouse., The adoption of aerial conve}ors marks 
an important development in the super])hosphate industry, for inde- 
pendently of the economy in hand labour, they enable the super- 
phosphate?, to be thrown on t]ie hea]> from above, thus ensuring the 
proper preservation of the ])roduct. It is closely connected with 
electricity, the ingenipus applications of which allow the use of 
nfechanical equipment, in all parts of the factory, in many parts of 
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which it would be impossible to erect shafting. Electricity and aerial 
cotivwei-s form a sort of connectin^^ hnk la'tweeii the dilTerent 
appliances in the factory, contrihifting greatly to their increased 
output. Electric light diffuses cheerfulness in all directions ; the 
electric motors driven from a central station W(uk siltMitly in the 
most distant parts ot the factory, the dilft'rent organs of which thus 
work in perfect harmony. A most important (pu'stion is that of 
judging the treatment to which super])hos])hates should he subjected 
from the moment it is shifted from the den. so as to obtain in the 
most simple and the most ra])id manner a good product which will 
keep well. With the object of solving this prohU'in. numerous 
processes have been elaborated, all 'Conv<Mging to the same end, 
which is to secure a dry puKaa-ulent ])hos])hat(* easily disti ihufed by 
the drill sowing inacliine. The origin of these res(‘arch('s dates from 
the time when Florida ])hosj)hat(‘ was first us(‘d, whitih from 1890 
was and still is one of the most im))ortant raw mat(‘rials of super- 
phosphate factori(‘s, afterwards lh(‘ ])hosphat(‘s of Tenn}'ss<M\ Algcu’ia, 
and^ Tunis. Su])ej])hos))hates made from Florida ]>hos])hate ^ire 
distinguished by a high percentage of frey phos])horic acid which 
attracts moistuie from the atmos])h<‘i‘(* and lo'eps the material damp. 
The simj)l('st in<'ans of renu'dying this inconveni(‘nc(‘ coitsist in 
drying them, and thus (piite a seri(‘s of driers have het'u constructed 
for the pur}iose. .\l th<‘ ])n‘S(‘nt time ail stiper])hosphates, and 
especially those int«‘nd»‘d for export, are dried. But it was soon 
ohst'i'ved that if drying diminisla'd th<* ])(‘rc(‘ntage of moisfun' in 
the suj)erphos])hate, it increased the, pfuccuitage of fre(‘ phos])horic 
acid, and of hydrofhu)silicic acid, arul in such conditif>ns, whilst 
a])peai*ing dry, they p(v^s(‘ssed tht^ ])i‘ 0 ])«‘rty of attnftding moistun; 
and attacking the canvas of tla^ hags. Ste(‘])ing in gum kino extract 
was, however, found in Australia to rtuahu* manure hags tot ju'oof. 
In 1890 it was discoveicd that degcdatini/ed hones, and iriore 
recently ^lafsa phospliaU*, alfoidtMl sinijjh' iikmihs of drying super- 
phosphates and rendering them ))ulverulent without exposing them 
to retrogradation. This joint will he r(‘\*(*rted to iii the sequel.* At the 
same time several sj'Jecialists in this industry, indejamdently of each 
other, have endeavounsl to find meihods for obtaining good sujxu- 
phosj)hates whilst irnj^arting great raj)idity to the^vorking jjiocess. 
In this way the grating machine was invented (lleymanii and 
Nitsch’s process). But (;x])eri(‘nce jnoved that^)erfect n^sults could 
be obtained only by finely dividing the su]^;rphos])hates from th(‘ 
ijiixing den and by diminishing its free acidity.. This nisult has 
been fully realized. Owing to imjnoved e<juipment, means ai(‘ 
available for producing from any raw j)bosphates, siij)ei’|)h?)s])hates 
which answer all requirements, since it has been recognized that 
diwness and the pulverulent state of the superphosphates dej)ends,^ 
•in the first place, not on their percentage of moisture; hut on their 
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free acid content. The recently discovered phosphates of Christmas, 
Island and Ocean Island enable phosphates with 20 to 21 p^’ c^rit 
of phosphoric acid soluble in ‘water to be produced. Thus, as- 
already observed, it is Florida phosphate which has Seen the 
occasional cause of the troublfis in working which we have just 
enumerated. This same phosphate more than any other has been 
a most difficult problem to the chemists owing to its high percentage 
of oxide of iron and alumina, which are the great enemies of super- 
phosphate manufacturers. The retrogradation of the soluble 
phosphoric acid brought about by the presence of these compounds 
have caused no end of trouble to the chemist and manufacturer, 
and if the means of preventiorrbe not possessed by a factory working 
on th^ large scale, the causes and conditions under which they are 
produced have at least been determined. Chemistry, the inseparable 
companion of industry, has taken a considerable part in the pi’ogiess- 
realized in super phosphate manufacture from its birth to the present 
time. C]henri,sts are attached to all manur e factories ; to themi 
belAngs the nrerit of fr eeing this industry from empiricism - and 
establishing it on a tr'uly scientific basis. French chemists nave 
had a large par t in the development of the manui’e industry. Their 
lear ned reseai'ches joined to that of French geologists have greatly 
contributed to the realization of the value of the French phosphate- 
deposits, the imrnenffb reser-v(‘s of which \vill suflice for a long time- 
to c6vei' the r^erpiii'errumts of French agriculture. That w’e in Great 
Britair! have not a voluminous special literature dealing with the 
chemistry of manur*e manufacture, in no way detracts from the 
merits and«elaims of British agricultural and manure works chemists.. 
Our Patent Ollfcti recor-ds pr*ove that they hruve been fir’st in the field 
in all brunches of research in this dorirain. J3oth French andl 
German tiUTent methods of pi'ecipitated phosphate manufacture,, 
double super'phosphate manufacturr', and such like, are all borrowed 
from British patents like those of Professor Way, Benjaminr; Tanner,, 
etc*., dating back to the sixties and seveirties of last century. 
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THEORY OE THE MANEEACTrUE OE SOEEREE EHOSEHATES. 

i'P has already been seen that to render the pliosplwric iiijid \n 
raw phosphates soluble, when it exists as trihasie phosphate of lime, 
( 4 i 3 (POj 2 , it suffices to replace the two atoms of dyad calcium by 
four atoms of hydro^'en, which is done by means of sulphuric acid, the 
monobasic phosphate of lime, or acid phosphat(‘ of lime, (’aIl 4 (P() 4 ) 2 , 
soluble in water heinj' pixMluced, th(* calcium displac(‘d by sulphuric 
acii> forming gypsum, (yaS0.,2H./), according to th(‘ following 
equation • 


+ •ill.St), + 511, 0 - 

: CalE(l*0,hIEj() 

e 2 ChS();2H,() 

pSZli 'Vator. 

‘ t I- rtcul. 

of lime-. 

Monocnloic^ 

pljospimti*. 

Sulpluiti* 
of linic. 

BIO 100 00 

252 

B14 

500 


00 


As the equation sh«ws, the sul])huric acid used sui])nuric acid 
which has not been concentniUsl, that is to say, it contains a ctu’tain 
amount of water incidental to its manufacture*. This walt*r assists 
in the crystallization of tin* two lu'w compounds fornu'd rnonocalcic 
phosphaile and gypsum and at th(^ same tinu; h(*l])S in reducing the 
consistence of the mixing, thus facilitating decomposition. In fact, 
if the mass formed hy th( 5 * mixing of phosphate and acid he too 
thick, ^he new salt’s, es])ecially gypsum, set and harden rapidly 
thus protecting a certain arnouiR^of the, raw phosphate from coming 
in contact with the acid, (jypsum forms, so to s^)eak, the skeleton 
of the superphosphate. liut the convemion of jjaw insoluble* 
phosphate into soluble phosphate is not accomplished in such a 
complete and adequate; manner as the equation a])pearH to indicate.^ 
.Experiments have proved that the insoluble phqjiphate is rendered 
soluble in two somewhat parallel stages. The first, yielding free 
phosphoric acid and gypsum, extends only to two-thirds of the tri- 
calcic phosphate. In the second the free phosphoric acid acts on the 
remainder of the tricalcic phosphate, comhiiing with it to forqj. 
acid phosphate of lime or iiionocalcic phosphate. 

(75) 
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(1) 3Ca3(p6j, + f3HoS0, 
Calcium Sulphuric 
phosphate. acid. 


+ 1211,0 = 4H3PO4 + Ca3(P0J, + ()(CaS0,2H30) 
Water, ^^hosphoric Tribasic ^ * 


acid. phosphate. 


Gypsufh. 




4(H,P0,) + Ca.,(I»OJ., + m..O 
Phosphoric Tribasic “ 
acid. phosphate, '' 


8:CaH,(P0J, + H,0] * 
Monocalcio 


phosphate. 


Water. 


One can (leirionstnito the soundness of this equation by treatirij. 
dlO parts of tnhasic phosphate of lime with 196 parts of mono- 
hydrated sulphuric acid and 90 parts of water, dilutin^r the mas^ 
rat)idly with water and filterin^^ quickly. Two thirds of the phos- 
phoric acid ^are then present in the filtrate in the free state. But 
1 t (i^mass be diluted after it has set, all the phosphoric acid exists 
in the filtrate as monocalcic phosphate. The explanation lies in 
the fact that phosphoric acid is a much weaker acid, and acts 
moie slowly than suljihuric acid; the reaction of equation (2) is 
therefore accomplished more slowly than equation (1). If an in- 
suflicient amount of sulphuric acid he used for convei'sion, onlv 
l)]calcic phosphate is obtained " 

Ca-fPOJ,^ + H.S(b -r Olio ^ Ca.Jl^fPOdy.lH.d) -f CaSO/illO 

In this conversion, a portion of the tribasic phosphate of lime is 
first transformed into monocalcic phosphate. Call, (BO,)., which then 
reacts with the remafhder of the tribasic phosphate of lime 


• Calb(l'(),),,ll() + Ca.,(POJ., + 7H..() 2Ca,JI.(PO),2Fr ,0 
202 :{1() “ ^ < 


, OSH 

Free phosphoric acid, as pi-eviously stated, renders the super- 
phosphato damp, pasty, and unfit for distribution (passiriL^ throm^h 
the di-il , etc.) in Its raw condition. If the raw ])hosphate be 
lendered solub e, by hydrochloric acid or by nitric acaU no free 
phosphoric acid is .obtained but merely the acid phosphate of lime 
which i>4 very soluble in vater. Dry superphosphates can be 
obtained in that way. But such acids ai-e less abundant and cost 
much inftn* than sulphuric acid. Hydrochloric acid when* it can 
be hiid cheap, is s%ometimes added Ifi the proportion of 10 per cent 
►to th^i^ sulphuric acid. But the phosphate is not rendered soluble 
by hydi-ochloTic aci4 alone as that would give rise to calcium 
•chloride, which is highU.deliquescent, and cause the superirhosphate 
to be damp and ur^saleable. Moreover, calcium chloride is injurioir^ 
to vegetatioii when present to any great extent. In presence of 
sulphur ic acid any calciuin.chloride which may be formed is con- 
verUHl into calcium sulphate and hydrochloric acid, which latter 
Assists in dissolving the phosphate. 

From the following equation the quantities of sulnhnrin acid • 
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and water required to dissolve a ^nveu amount of pliosfhate iimy 
reldilf^ be calculated : — 

CfufPOJa + ‘iH.jSO, + + ‘2(CaS();2H .0) 

310 lin; ‘Mi 252 ' 344 



In this connexion it will he well to hear in mind that the 
symbols indicate not only the elements hut precise and accurately 
determined quantities. Thus the formula for wat(‘r (ll.O) indicates, 
not oidy that water is composed of the two elements, hydio^^en and 
oxygen, hut also that it results from the combination ^of one atom 
of oxygen with two atoms of hydrogen. As the atpmic wtught 
of hydrogen = 1, and that of oxyg(‘n = Id, it will h<‘ at once seen 
that eighteen parts of water consist of two parts of hytlrogtm and 
sixteen parts of oxygen. Thest* ligtires apply ecpially to tons as to 
grams. The following is a similar e^ilculation for ]>hospliates : thus. 


trihasic phosphati* of liim* contains 

Atoiuii’ 

(’iilciiini (('h( 

40 

i’h()H]»h<»rus (!’) 

.. 31 

()a.V|.!:<*ii (0) 

10 

1. A moh cuh* of f 'a.,(HOJ^, thend'or 

e weig^! 

(’«, 40 y a 

120 

I',,’ 31 X 2 

02 

0* : H; X H 

12K 


aiu 


‘2. A molecule of sulphuric acid, Il^SO, (11 - 1 ^ S ~ 22; 
0 = 2 + 22 + (Id X -1) = 9S. Hut trihasic phos])hat(‘ of lime 

requires two molecules of suljduiric acid to render it soluble ; we 
thus get*2 X 9H = 19d of sulphuric acid and 5 x IH 1)0 of water. 
fSulphuric acid niay also l^e calculatcal as SO.j and 11,0, or as- 
anhydrous sulphuric acid and water. To render tlu* ])hosi)hate 
soluhle*5 + 2 — 7 molecules of water aie ie<juir(‘d. It* follows, 
therefore, in order to dissolve *210 ])arts of tiahasic p}ios])hate of 
lime, that the 310 parts of ('a.,(i'()^).^ must he pi?t in contact with^ 
160 pauts of SO., and 12d ]>artsof water. On(‘^])art (^»y one ton) of 


, , IdO 

Ca^PPj, requires therefore = 

parts water, or for JOO parts : — 


: 0 '. 51 d pafts SO. 


1 2 d 

and - ()’406* 


IfM) X O’/ilO = .'ii n imrts so, 
100 X 0-400 - 40-ti „ 11./) 

02-2 dil. 
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Now ks 92*2 parts of H.JSO4 contain 51*6 parts of SO3, 100 
parts contain 55*96 SO3. It is, therefore, aciS con- 

taining 56 per cent of SO^ that has to he used. On consi!lting the 
table hy Lunge and Isler, at the end of this hook, it will be found 
that acid of that strength has the specific gravity of 1*600 — 54® B. 
or 120 ' Twaddel. But in actual practice it happens that the acid 
used is more concentrated or more dilute. Suppose that the acid 
marked 60® B., according to the table above mentioned, contain- 
ing 6d*7 per cent SO3, be used, it will be necessai*)^ to take 

^ =»= 81 parts to render 100 parts of tribasic phosphate of 

') 0 * 4 ^ 

lime i?oluf)l(% and it would be necessary to add the required anjount 
of wat(;r thereto. If the acid weighs less than 54® B., say 50® B., 
the same method of calculation will give the quantity. Acid of 50® 
B. contains 5r04 per cent SO.j, therefore it would be necessary in 
51*6x100 


sucb case to use 


101 parts for 100 of Ca^P^.Oj^. 


Effect of the Impurities m Phosphates on their Behaviour in 
the Process hy u'hich they are 1 tendered Soluble. — Haw phosphates, 
however, contain several other compounds besides tribasic phos- 
phate of lime — such as carbonate of lime, oxides of iron, and 
alumina, calcium tiudride, decomposable silicates, etc. If, therefore, 
the am^ount of sulphuric acid required for the phosphate only were 
taken, the latter would not he rendered completely soluble, because 
the sulphuric acid would act upon the carbonate of lime first and 
then the trfhalcjc phosphate. It is thus necessar}^ to determine the 
perof'ntage of these ingredients in the phosphate and allow for them 
in calculating the acid. 

CariuduUes of Lime and Maynesia, — In treating phosphates 
with sulphuric acid, the carbonates are attacked first. It is usually 
ctxrU^nate of lime that is present since carlx)nate of ftiagnesia 
is only inet with nwely, for example, in Carolina and Florida phos- 
phates. Carl)onate of lime i>i, therefore?, dissolved at the very first, 
then follow the other compounds in the order of their Relative 
sUibility. The decomposition of ,^he carbonate of lime and the 
consequent forrnt^ion of g\psum which follows causes an energetic 
•reaction, whiqjti is very favourable to the progress of the decomposition. 
The heat ilisengagefi is beneficial while the carbonic acid in its 
•effort to escape raises the mixture, rendering it porous and spongj* 
like a well-risen l«af in the baker’s oven, and thus facilitates drying* 
More than 5 per cent of carbonate, however, acts unfavourably, in 
this sense that, leaving the expense of the extra acid out of account, 
it naturally results in an excessive amount of gypsum being formed, 
^vhich is detrimentalHo the finished product, as w’ill be seen in the 
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sequel. The quantity of acid absorbed by the carl)OMafe of luur 
wlfeniin small amount (I part of ('aCQy requires r5 parts of SO,) 
is compensated to a great extent 4)y the advantages accruing in 
' “ mixing” and by the quality of the superphospliate. Phosphates 
free from carbonate of lime heat but little in contact with acid ; the 
reaction is consequently slow, the opeiution takes longer and the 
final product is difficult to dry. To remedy this defect in treating 
phosphates of this nature — apatites, for example - it is In'st to mix 
them with phosphatic chalk during grinding, but the superphos- 
phate which results is, however, not so homogeneous as that obtained 
from the chalky phosphates of Algeria. The amount of acid re- 
quired to decompose the carlx)nates is calculated from the following 
equations : — 

CaCOj, ( H.,S(h 4- H./) - CaS0;2fI,0 + CO, 

100 + IM + IS ' " 

. 172 ^ 44 

MgCO, + H.,S04 + ilH..!) + CO-, 

H4 + 08 4- 108 240 + 44 

200 * 2'.>0 

Magn<*sia is also met w'ith, but in smaller qiiantities, as tribasic 
or neutral phosphate. The following reaction then occurs : 

4- 2H,S(h f 10H.,() . Mk'H 4(1*()4)..2M,() f 2M«S047H,0. 
O.Mk'HI'O^ 4 n,S()4 4 0 H/» . MKll^d'OJ/iHjO » MKSO47H.J4) 

Acid phosphate of magnesia is notdeli<]uescent and not decomposed 
by water. • , 

Jodinc . — Ceilain phos})hates contain iodine, at calcium iodide 
which is converted by th(“ sulphuric acid into hydriodic acid 
at the ordinary tenip(^ratun^ of the “ mixing” ; wheti the mass luMits 
the acid reacts on the hydriodic aci<l, forming io<liin‘ winch is 
evolv('d,as a violet va})our. Idiosphoric acid has no action orj 
hydriodic acid. 

(’alrium Fluoride, - phospliates contain more or less 

•calcium tluoride. -This substance is likewise d(fCom])Osed by sul- 
phuric^ acid at a temperature above 40'(’. (104 I’'.). K is then 
given off as gaseous hydrotluorft; acid, liut tlq,* latUu* acts in its 
turn on silicic acid and forms with it silicic fluoride. These twc\j 
reactions may be represented thus : — 

CaF^ + -H 2H.,0 = + 2HF 

SiO, + 2CaF,, -f + 2H.,0 = SiF^ V 

The silicic fluoride makes itself evident J)y a penetrating ac^ id odour ; 
it decomposes in presence of water into gaseous hydmfluosilic acid 
which volatilizes, and orthosilicic acid 

aSiF, -f 4H.,0 = 2H.,SiF, + 
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ftaseous Hydrofluoric acid acts on silicates to render them soluble : — 

Al.fSiO^), + 6HF = A1.,F, + 3H.,SiO., 

AL/SiO.,)., + IHHF =ALF, + 3SiF, + 9H,0 v 
C^aSiO, + 2nF = CaF., + H,8iO, 

CaSiO, + OHF = (’aF; + SiF, + 3H,0 

Ost obsei’ved that in the “ dissolving " process two-thirds of the flu- 
orine contained in the phosphates escapes as gas, whilst one-third 
remains as calcium fluoride ; but according to Klippert 50 per cent 
of the fluorine is disengaged as gas, 30 per cent remaining unde- 
composed, and 20 per cent is absorbed mechanically by the mass as 
II.^SiF,,. FofSsil bojjes may contain as much as lb per cent of ('aF.,.. 

Sificates'of Limr.and Alumina. — ^^The silicates C'aSiO^, Al.,(Si0.5)^ 
are partly soluble in sulphuric acid and partly insoluble. The 
silicates of lime in Algerian phosphate are decomposable by sulphuric 
acid, the silica being precipitated as a gelatinous swollen mass, 
wliich may enclose a certain amoiujt of insoluble phosphate of 
lima, protecting it from tin? action of the acid. The undecomp^sed 
silicates of alumina ab.sq) b acid mechanically and are gradually de- 
composed by it. 

0, rides of Iron and Ahnnina. -The presence of oxides of ii’on 
and alumina in raw phosphates has serious drawbacks. It may 
in some cases prevent their use in supei*phosphate manufacture. 
The Iron is present in difTer(‘nt forms, most often as oxide combined 
as phosphate, more rar(.*ly as fr(‘e oxide or as protoxide (ferrous 
oxide). It also occurs as sulphide, Fe8^, either in a fine state of 
divifiion as» in Tenruissee phosphate, which contains as much 
as 4 per cent,* in the river pebbles of the* (Airolinas, in certain 
Belgian phosphates, or as lamella! in the phosphates of Podolia. 
But sulphide of iron is usually present in too small a (quantity to- 
cause serious trouble. Phos])hates containing protoxide of iron 
(ferrous oxide, FeO) have a greyish-black or blueish-giey colour 
like cei’tain Florida, Tenn(*ssee, and ('arolina river pebbles. In 
the process of “ dissolving ’’.phosphates the iron compounds aie 
decomposed more or less rapidly and com})letely according to the 
form in \<'hich they occur, according to the nature of the phosphates, 
the amount and ^he concentratioh*of the acid used, and finally 
iiccording to the extent to which the “ mixing ” becomes heated 
during the re-ftction. « 

^ Decomposition takes*place thus : — 

3FePO, -f*3n.,80,^;:(FeP0,2H3P0J + Fe.,(80,), 

If sulphuric acid b(* emplowd in excess all the phosphoric acid is 
liberated ; — 

2FePO, + 3H.,SO,f^2H3PO, + Fe, (80,^3 
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The decomposition of the phosphate of iron therefore \ iFlds phos- 
phoric acid and sulphate of iron. A portion of this’sulpliate of 
iron reacts on the acid phosphate of lime with formation of a 
* ‘(elatino^s precipitate, whilst a small proportion remains inactive 
and can he detected in tlie a(jUeons extract of the snp(‘rphosphate. 
This amount is about ‘2 per cent, (/onsequently the presence of 2 
per cent of oxide of iron in (raw) plu)sphatt‘ has ])ractically no 
injurious elTect. that amount remainint( as soluhh* sulphatt^ if the 
acid Iml* slif:,duly increased ; when the proportion of oxide of iron 
amounts to 2 or 4 jmu* cent it always causes a loss of soluble phos- 
phoric aci<l. Jk'yond 4 per cent tlu* phosphate becomes unlit for 
superphosphate manufacture. In his excellent treatise ' ojj super- 
phosj)hates, Schucht insists on this special point and ex^elains 
the preci})itation of the phosphate of iron thus : 

CaH,,(l‘()J.,tr.() -f FejSO,)., -t-oll.O - Fel’0, 211,0 + 
('aS();2H..{) -f 2Ii.:S0, 

H.SO, -f ('aH^(l*(),),]I..() q: H.O = ('aS(),21I.,()-4' 2HH’(), 

« 2(FePO;2H,,()) V4fl.,l’(U - Fe F()/2H,.F0; + 411,. () * 

He deinonstrat(‘s the' course' of these reactiems by the' following 
small ex])t'riment. 1 f to a solution of a su])e*rj)hos])h!ite* aei aciel solu- 
tioii of a salt of iron is adde'ii ])lu)s])hate' of iron is ])re'ci]>itate*(l. Hut 
a(!cording to the'ir degree* of concentration su)ie^ ]>}ie)sp)iate' solutions 
act dillerently on solutions of oxide* of iion ; thus a 2 pe-r e,e*nt sohftion 
])recipitate;s inuneeliately all the* e)xiele* of iron, a. 4 ])e*r ee*nt s^lutiotj 
giveis a weake*r reaction, and in a h ])e*r ce*nt solutieen the* redaction 
(.)ccurs slowly. ( ons**(pie*ntly tlu* greater the amou«t of Cre'e* 
phosphoric acid in a si^per])hosphate' solution, the* tnore it re'tains 
the iron in solutio!i. If a se)lution of a fen uginous supe'iphosphate 
he evajeorated to elryness arul wale*)- is adele*d to the* re'sielue, a clear 
solution is not obtained, hut a solution with a conside*rahle' pre'cipitate. 
This hydyitejd phos})hate of iron may pass in the* supe*) ])hosphate 
into the completely in^eduhle* state*, whe*n its constilutional wetter ia 
remove.'d Irom it hv the; crvstalliziition^)f the amoriehous sulnhatc 
of lime: - * . * 

• FeF0,2H,() + (:aS0,2H./) + J'\*F(), * 

This explains why an incompletely dissolved or re'trograded 
superplu^sphate* cannot he improve'd l)y furtl^*r tre*tme*nt with 
sulphuric acid. In such case th<;re is ohtayu'd a wet tacky mass, 
the acid uniting with the gypsum to form (JaH.^fSOJ.,. It is only after 
a Certain time, after numerous tre'atments followed by drying, that 
this free acid reacts on the iion-deecomj)Osed phosphate, 4)ut not 
on the phosphate of iron. On the other hand, tluj hydrated 
phosphate of iron is soluble in the free phosphoric acid of the 
superphosphate, hut only in a transitoJT fashion. 

h 
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Oxide of alumina in the proportion in which it genei’ally occurs 
as AlPO, in raw phosphat.es does not exert directly any ingueGics 
on the retro^'radation of the phosphoric acid. Contiaiy to whal 
takes place with oxide of iron, the hydrated o^de oP alumina 
Al,0.5‘iH.,0 does not become soluble in acid until after i^mition 
The hydiated phosphate of alumina as well as the anhydrous 
phosphate of alumina is soluble in the precipitated condition in 
phosphoric acid. That is why it is unnecessary to eliminate the 
pliosphate of alumina fi*om raw phosphate when it occurs only tc 
a moderate extent. Alumina as silicate may ])rov(; injurious ; il 
it he not decomposed hy the sul])huric acid it may in certain cases 
.cause the r(5tro^radation of a portion of the phosphoric acid. 

(h jtuiic Matter. — Accoidin^^ to the origin of the phosi)hates 
-organic matter may he pn^sent which is carbonized in the mixin*. 
process either by sulphuric or phos))horic acid. The dust giver 
otf by c(!rtain ])hosphates (Algeria, (hifsa) during guiiuling diffuse; 
a had odour which it is im])Ossihle to eliminate during manufactme 
Ignition alone does away with it. (!oprolites, C’arolina phosphate 
pebbles, Algerian phospliaP; give otf an odour of ichthyocol or o 
naphthene analogous to that given off on heating petrolifeioie 
shah;, linujstone, etc. Th(‘se odours are due to the decompositioi 
■of the remains of the fat of marine animals. More often. how(*ver 
a penetrating odom is given off from ])hosphates, resulting fron 
th(;''evolution of volatile orgai\ic matt(.‘r, which is not d(;compos(‘( 
hy sulpluiric acid exce‘pt at tlu‘ high tem|>eratur(; incidental to th« 
nnxing process. These* re'inains foi-in a nitiogeniz(*d and sulphin oti; 
charcoal, .fA'hich is tlu'n converted into com])Ounds with an aerie 
and penetrating odour, (^ulain coproiiUi*s even exude a sor 
of tar during drying, ecpiivalent to as muefi as O n ])er cent of tin 
niass. The above: shows how variabU; the l aw materials are whiel 
are met with in course of manufacture. 

Method of Determin'uKf the jl moinit e/ Acid to use 171 ^ Order t( 
Jiender the Phosphate Soluble. It was a long time before an agree 
ment could be reached as toAhe (juantity of sul])huric acid necessar; 
to lender the raw phosphate soluble. The manufacturer had tin 
alterna'iive of completely dissolving the jihosphate by the use of i 
large (piantity ohsulphunc acid, bit the su})r‘rphos])hate so producec 
was too moist to be spread l)y nu'ans of the drill, or of using les 
acid and onlV incoir pletely dissolving tin; phosphate. This ditlicult; 
has been overcome by, installing superphosphatt* drying iiiachineH 
so that now there need be no dithculty in arriving at the requisin 
amount of acid' to dissolve the phosphate completely. To cal 
dilate die acid some jiroceed in a purely empirical manner, b; 
using 1 ton 4 cwt. of sulpfuiric acid of 50 lb for one ton of trihasi: 
phosphatt; of lime^ and adding the surplus of acid necessary t< 
3 aturate the carbonate of lime ; others saturate two atoms of calciun 
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with 050 ^n-ainmes of sulphuric acid of 50’ B. aud incrtnisc this 
(juanl^y l)y that necessjiry to saturate tht‘ carbonate of lime and the 
ses(pnoxide, tliree of sulphuric acid«f 50 B. for one of ses(juioxide ; 
^others, tkially fttarlin^ from the anaylsis of tlu‘ raw phosphate, 
use the amount of acid nocessary to saturate the sescpiioxides and 
the total lime, less the ])orlion of the latt(*r iidierent to th(‘ formation 
of acid phosphate of lime. The last method is evidently the best, 
since it is based on a well-acct‘pled llu'orv ; it was always usi*d for 
to-atin;; jjjuanos, which, owin}^ to tin* prest'iuu* of hihasie ])hosphate 
of lime, were ilissolved with the ^ui'atest ease. But as alrt*ady 
mentioned, mineral ])hosphates ofl(*n contain small amounts of 
silicates, which likewise absorb sul])huric acid. 'Pakin^f the fore^^oitif^ 
tacts into consideration ])racti<tal men have concludeil that th# best 
method is to niakt' a trial mixing'. Thes(‘ trials oui^dit to be carried 
out each time on a sullicient amount of material to fill tin* mixer. 
AcconiiiiLtly, the ])lu)sphate and acid an* mixed by the aid of the 
a;;italor and tin* ])rocess is conductt*d exactly as in normal workin;^. 
The reataion, which takts jilace in the mixinj^ den, d()»‘s wot 
coiistst soU'ly in the healing of the materials, as one would he inclined 
to ima; 4 !ne, because if that w<‘re the case the same icsult would 
be allained by heating' the sulphuric, acid oi- (‘Ven the matiuial 
on which it acts when workiii;^ on the small scale. In tlu* cast* of 
c-,'rlain mineral ])hos))liates, such as ( 'aiiadian*apatite, mixiu}.,^ t<^st 
ti uils never suc.ceed, bee ius«* the ]»hos])horic acitl ha nit'd in tin* first 
})hase of the o])eration caiinoL immediately exercise its action bn the 
rest of the phosphate. 'Pile operation draj^s, the suhstaiuu* remains 
])asty. the sulphuric acid {^tracts moisture, its action* j;i-aduijlly 
becomes w«*akei', and, linally, a bad <juality su])erph(^phate I’c'sidts. 
A roueh trial lest ;^uvin;^ useful indications may la*, made when n(*w 
})hosphates of unknown beliaviour are }a*ine bouj^lit in the slack 
season by tn-atijie tie* j)hosphat(* with acid in an earthenwari* bread 
])an, not ^tirrine too much and settin;^ aside with tla* pan lid on 
and inspectinj^ahe n*sult after 21 hours’ standing' in a warm ])lac(;. 
If tlie mixture dii(‘S. then it viH <b'y hiu better on the laif.(e scale. 

It is thus necessy,! y when new |)hos])hates are to be used, the 
liehavioifi' of which durin^^ mixine is unknown, to make trial Tnixines 
with cjuantities of acid near to tlfift obtained by cnjculatioji, and to 
uuheie afterwards to tint amomit wliich i^ives tla* best n>sults. 
yVitfi FUjrida ])hosj)hate eood r»-sults an.* obt*,in(*d increasing' 
the theoretical amount by 5 ])er cent. It ^ easy to understand, 
moreovei', that the richer the law matjuial is in phosphoric acid the 
lf!Vs it shotdd b(! over-acidiPK'd, si?ice the j)hos])hates of that category 
^'cnerally contain little ses<]uioxides oi’ sjlicates ca))al)h; of* absorb- 
ing the acid added in excess. Phosphates l ich iti carbonaU* of lime, 
such as Somme arid Algerian phos|)hates, jTMp^ire mon; aci<l ; but 
jn any case the excess of acid rarely surpasses 5 per cent of the 
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quantity ‘calculated according to their percentage of phosphoric 
acid. , »» 

If the trial mixing be well* conducted it gives very satisfactory 
results. The supeiq^hosphate obtained should be comparatively 
dry and porous when it is cold. After- each trial the phosphoric 
acid, soluble in water, the free phosphoric acid and the insoluble 
phosphoric acid are determined. Bone phosphates are almost com- 
pletely rendered soluble. This, however, is not the case with mineral 
phosphates, which always leave a small amount of insoluble 
phosphoric acid. This fraction amounts to about 1-4 for Gafsa 
superphosphate, L? for Algerian, 14 for Peace River and Pebbles, 
0*5 to 1 for Florida, 1*7 for Carolina, and 2-1 for Tennessee (Schucht). 
Up the ‘present the efforts of scieritists and practical men to 
abolish this loss have not been successful. The density and strength 
of the acid have considerable influence in mixing. Phosphates rich 
in carbonate work b(3st with cold acid, whilst those poor in carbonate 
require hot acid. It has be(;n found, moreover, that the soluble 
phosphoric acid is better preserved in superphosphates prepared 
with acid of 54" B. than in superphosphates made with acid of 
50"^ B. 

Damp phosphates and those difficult to dissolve require stronger 
acid than those which are dry and rich in carbonate of lime. 

Finally, it is well to bear in mind that superphosphates should 
concain a certain amount of free phosphoric acid. This has the 
effect of retarding the neutralization of the acid phosphate of lime 
by the soil, and regarded from that point of view it constitutes an 
indispensable element of the superphosphate. 

Hchucht shows in the following table the amount and the 
strength of acid which it is convenient to use in rendering various 
phosphates soluble : — 
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TABLK XLI.— AMOUNT AND STKENGTll OF ACID UE(^UIUKD TO 
DISSOLVE VAEIOI'S I’HOSjFHATES. 




Oxide of 

('.arhoii- 

1(H) Ih. „1 

I'bos- 

pbale no : 

• pure lit. 
of Acid. ' 



L\i,l\XK 
l\ r , cut. 

Iron :ui i 
.Muiuiiei. 
iVr relit. 

ate of 
hiui, . 
IVr cent. 

1 teirree 
Itaniiie,* 

Hone a^h .... 

S2 1 

0-3 

4 1 

'.15 

52 

Malden Kuaim . 

72 1 

0-3 

12-5 

s2 

00 

Aruba phosphate 

Tm-O 

3S 

1-2 

100, 

52 -5 

Curasao jihosphato 

SS(1 

O-I 

7-0 

105. 

.50 

I'odolia coprohtes 

74-7 

5(1 

1-7 

120 

5(r 

Carolina phospliato 

50-0 

2 -S 

12-0 

100 

50 

C.anadian pho>phai(‘ . 

7 It “s 

3-3 

0 0 

no 

55 

Somme pliospluuo 

07 -n 

3-s 

10-2 

105 

51 

Lit'oe piiospliate 

55 -5 

.3 0 

10-S 

105 

50 

Ciply phosphate 

lu-7 

2-3 

ll-.-^ 

1.31 

•40 


IS -2 

1-7 

35-0 

1 25 

■i'.» • ; 


53 s 

1-3 

3 4-2 

1.30 

•HI i 


57 ■ 1 

OS 

'20-1 

1 25 

•40 i 

I'lorida piio.-phate 

7M(I 

2-0 

4 1 

1 10 

50 : 

rebide |)hosplmte 

Oso 

is 

0-3 

100 

50 ' 

Foace Uiver p}ios[)hate 

01-7 

2-0 

s-1 

‘,15 

50 1 

Tonne'S , '0 phosphate . 

so -5 

.3-4 

5-f 

' 110 

50 1 


0;»-'.> 

2-;{ 

.'.‘0 

105 

50 • ' 

.-VlKorian phospliale ■ . 

5 s 2 

0-5 

20 -s 

no 

.**) ' 

05-0 

o-o 

lO-O 

100 

52 i 

Gafsa plios()hate 

50 -0 

17 

0-7 

too 

.50 i 

C'iip|)erion i^Miami 

7s 7 

0-1 

0-7 

100 • 

52 • ! 

I’onivian ^'uuno . 

20-2 

0-5 

1-H 

•25 

(iO ! 

Hr«‘ci|'itatod phosphate 

32-0 



5 5 

70 

00 ^ 

Steamt d hone dust 

22<) 

01 

5-2 

50 

Dei^'olal ini/.ed hone dust 

.31 (1 



71 

55 

• 

Snell a table is uf course 

veiy valuable, but it 

is better 

to calculati 

' all acid 


to D.O.V, uhiitcvcr bo tho stroiiK'tli u.xod. 'I'lml koopn tho aoid Hoconni ooncol. 
Hut if tho (litToi'ont of aood uso<l bo all onUaofl at ibo actual woi^^ht 

taken, thou thoro can bo fio ( lu inical control f>f the anionnt of acid usoil^; nf)r if 
tho inHnuro*manufactnror inak«*shiK own ac-id of tho amount of acid ho has made. 
Tho i^onoral rule ia to take (lio stock of /t<*i<l in hand, calcnla% it to IbO.V., add 
to it the amount used in jnixint<, and take tliat aa the amount of acid made in 
f.he soaiion^ whicli, ohockoil a^^ainst tho pyrites burnt, t^y Kio if'into, ahoubl 
pivo a Yield of 30 cwt. H.D.V per toti of pyritoH burnt. 

! (II V.r H. D l-:>lo --- 103 Tw. (2) 50 H. - D 1'530 JOO Tw. (3) 5U H. 
= 'i) 1-540 - 10‘l-2 Tw. (4) 52 H. - D 1-503 - 112 0 Tw. (5) .52-5" H. - 
I) 1572 - 114-4'^ Tw. (0) 55’’ H. - D 1015 - 12.3' Tw. (7) 00 H. ^\) 1-710 
— 142^ Tw. (H) Acid in Groat Britain is K‘‘noralfy used aa near 1) 1 OO • 120 ' 
Tw. as practicable. B.O.V is acid of D ~ 1-700 or 140'" Tw. — Tii. 



CHAPTER VI. 

AN u j’’ A c'r I ’ Ki*: () F SI ; i *i: iii * hosi’H a t k . 

Thk nianiifjicture of super])hosphsite comprises three ])riiicipiil 0 ])ei a' 
tions : 1. 0 rinding tlio raw phosphate. 2. KeiKlerin}:^ the {ground 
niw phosphate solulde by sulphiiiic acid. 3. The dryin^^ of sii]jer- 
phos])hatc. 

(irlndimj Raw Phosphate , — Thiw phospliate should he caiefully 
{.(roinul, heoujse it is found that the lineness of the phosphate* cou- 
trM)ut(js to a f,a’(*at extent to th(‘ successful preparation of supev-)hos- 
phate. Thus the powder should not leave more than 10 per c(>nt 
of n.‘sidue on a 70 mesh sieve, and this lesidiu^ sliould not exce-ed 
th(j size of ^u’oats ; it is only when this is done* that all tlu^ phosphoric 
acid is rendeired soluble, (certain phosphates art; dt'livt'ied f^nound, 
others in lumps di the; size; of tht; list. To lend itself well to 
{^n'indin^ the ])hos})hat(; should he dry. Elorida })hosphate (‘specially 
should not contain mort; tlian I per ctuit of moistur(‘, whilst 
Al^^’i'ian phos])hat(‘ f^ninds veiy wt‘ll with 5 ])er cent of wat(‘r, 
Wh(*n deldin^f with ])hos])hat(* di-encht*d with sea watt'r in transit 
or accidentally in tht; warehoust*, it is spit'a. 1 u])on a dr\ iii'^ ])latfoi‘m 
of shet't iron heated by th(‘ waste gases from the flues fi’om the 
hoilt'i’ furnact's. fn the grinding of ])hos])hat(‘ at tht; ))resent day 
hall-mills continuously fet'ding and discharging- a>r(‘ in gent'ral 
use, which, owing to their strong construction and their steady 
output answer well for the ])ur])os(;. In old(‘r factories flatslone 
mills are frerjuently used.* (IritVm’s crusht'r with walking beam is 
likt‘wise us(‘d in soint' rare instanc(‘s, hut it is costly tind retjuires 
frequent repairs which ht'comt* lu'avy as tinu' got's on. The matt‘rial 
to he introdiiecfl into this giinding machine ought jueferahly to he 
reduced in si/e, and for that puiqtose edgt* runners are suitable. 
Tht' crusher, withVilades — disintt'grator — is likewise used, hut only 
to crush phosphate in the foi m of large nodules or rock phos])hate. 
These machinefi will now he hrietly described, along with the other 
grinding machines commonly used in the manufacture of chemical 
manures. 

Grinding Machines — Edye Runners . — Edge runners consist 
usually of two stones running on a circular plate which revolves 
round a vertical shaft: at the same time each stone turns round ifcj> 
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own horizontal axis, and pinds ilu* maUM'ial l>otli In crnJihin^ aim 
r^lfl)iI4^^ The horizontal axes of tlu* two mills arc' inile]u‘ndcnt of 
one another, each hein*; connected \\ith the vertical shaft hy nuMins 
•of a hin^‘d crank. The siones can thus he raised or lowered inde- 
pendently of one another. . The material is fed into the mill directly, 
hv th(‘ shovel or hy an elevator: it is drawn continually und<‘r the 
stones hv semptu's, and when it is sulViciently f^rountl, it is evacuated 
hv the automatic discharge. sifu*d and ha^'^^al up. 1 *'i‘j:. I shows a 






I k.. 1. V' ltiiul IkI:"- Kuihk r. 

pair of *ed<^M- runners. 1\vo men sutlice to atteial to the ftiill, the 
L'kwator, and the sifiiiie inaehiirt'Ty. • 

Flatsionv d//7/.v.— In llatslone mills theie are two stones, one 
which i-i caused to revolve, the other heint^ sti^tionarf. d'he uppu’ 
or lower stone m.ay he stationai-y, whichever may he most convenient. 
Mills of the lirstkind are used for crush in v<;rv hard phosphate, 
those of the second kind for soft phosjihates. The foundation 
consists of cast-iron columns or a hollow^ cast-iron HU])port,^n which 
the cage of the mill is lixed. The shaft of the mill is sustained by 
a movable hearing with collar ; its lower part ri^sts in a socket. The 
iw^arire with collar is screwed to the holtotn of the mill cage and 
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is complofoly ])iotected from dust. The adjustment of the revolving 
millstone is done by mean,s of an endless screw or by lever itraiis- 
mission with screw, and hand fly-wheel. The number of revolutions 
is 120 per minute for mills 5 feet in diameter, under which conditions 
a mill can ^^rind about 5 tons of phosphate per hour, with 20 H.P. 
The mill is hid by a cup elevator and a shaking hopper, a single 



Fi(?. 1. — Flatstonc Mill. (Fower stone (lorinant.) 

workman wit\i an assf.istant being abhi to attend to two pairs ef stones 
placed side by side. The mills of each group are generally driven 
by a siiigle main shaft by direct cog-wheel gearing. Generally three 
pairs of stones are in each group, two of which are at work and the 
other pa'lr being refaced. Fig. 2 shows two mills with the lower 
stones stationary armnged in a group driven from a common shaft 
by conical gearing. „ 

Ball Mills . — The ball mill consists essentially of a rotarj’ drum c 
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enclosed in a double cast-iron envelope and sievt's. It contains a 
nulfibui' of balls of ditterent si/es. The inside face of the bottom of 
the drum is lined ^vith smooth plates of hardened cast-iron or of 
•cast-steef The circumference consists of trituratin*,' plates of cast- 
steel. and of such a shape *t hat a fall is crc^ittal lu'twaaui each two 
consecutive pieces. It follows that durin^^ revolution the halls fall 
from one plate to tlie other, and roll during the interval between 


[ 



I'lu. H, — Ball Mill «)n Masonry Foundation. 


*two falls.* Griiidinj.^ is thus (dTected by tlu; shod? of th( *fallint{ halls 
and bv crushing'. Tin; substance, ground in* tlie hall mills passtjs 
tlyough holes in the triturating })laU;s an<l falls pn a first sieve, 
called the protection sieve, which retains insufficiently ground frag- 
ments of material, allowing only particUs of a certain lirnfhess to 
pass through. The fine grains thc.m fall on a second sieve, the out- 
ride sieve, the wire gauze of which *is 's(;lecteJ according to the 
4iegree of fineness desired. The finely divided powder which passes 
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through this gauze falls into the discharging funnel at the bottom? 
of the machine, and thence into the bags. The residues froin'^uhe 
two sieves are collected inside' the mill by two openings arranged 
for the purpose, and are again submitted to the action of ‘the balls.* 
The mill is fed through a hopper fitted over one of the bosses, which 
has helicoid blades. During rotation of the mill these bring the 
lum])s into the interior aft(;r the style of an endless screw. The 
wrought-iron cover is connected by a cloth sleeve with a chimney 
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4. — Hall Mill on Masonry Foinuiation — tiio Siovos cxposl'd. 

which maintains tln^ pressure of the air in the cover in ecjuilibriurn 
and evacuaVes the^uhist which is given olf during grinding. The' 
weight of the balls vawies according to the nature and qualitv of the 
material to be ground. The mills in general use have a diameter of 
(>2 feet and a width of inches. The charge of balls weig’hs 
1 metrfc ton. These natprally undergo a certain amount of wear. 
It has been found that in grinding Florida phosphate forged steel 
balls lost 1 kg. (2'2Jb.) in a year, working day and night, whilst cast- 
iron balls lost 420 grms. (nearly 1 lb.) in twentv-four hours. Tlieiv 
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weight must thus Ik* vtu-ilifd from tiiiu' to tinu*. To start tlu' mill 
ins it'volved empty for half an liour see whether tlu'n* is any 
heating m the hearings. Then only ^ it cluirged with halls ai\d phos- 
phates. The drum ought always to he snthciimtK full of material 
that the falling halls pr(ylne(‘ a dull or deademal sound, ('onse- 
(juently, as soon as a hag of ground material is taken from the mill, 
another is fed through the ho])})er. When tliere is not sulVieient 
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Fk,. r,.- r.all Mill on .Miuoiirv Foumlution tin* 'rritiiralinn I’liilrs cxpdHr**!. 


feed on tin? mill its out])ut is small and tlie w'orkman is tem])ted to* 
incr(‘as(fthe load of halls, wliicli lias many drawback?. The outer 
sieves are mounted on marked oak-frames, w4iich ])revent their lasing 
yn-erted, for they are not interchangaiahle. To stiy) up ga])K or tears 
the simplest way is to glue jiiecesof calico ov<‘r them with fish glue. 
J)uring stoppages the inside of the drurii is carefully inspt^cied, the 
nuts of the frames and those, of the manhole doors tightened, U'cause, 
in spite of the use ot double nuts, they are liahhi to work loose under 
• the vibration to which they are ex])Osed. Care must he taken to- 
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keejj the sieves in perfect condition. It the output of the mill 



^iecreases, botli of the sieves must he speedily cleaned. For that 
purpose the double envelope must be removed by a chain and 
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counterpoise. In grinding wet phosphate the sieves soon liecoine 
and they need to he replaced by .new at short intervals. It 
suflices in order that the phosphates may he rendiM-ed soluble that 
•they pa^ through Nos. liO to 80 mesh sieves, according to their 
origin and their nature. -Thus Algerian phosphates and Carolina 
phosphates are passed through a No. (JO. whilst coprolites, apatites, 
and Florida phosphates nmst pass through a 70 mesh sieve. ( iiianos 
and bone phosphates do not recpiire to he ground so line, since, owing 
to their porosity, the sulphuric acid jienetrales easily into the 
interior of the granules. It sutlices to pass them througii a No. 50. 

List of the separate pieces forming Kru})p’s IJi^ll Mill (see 
Figs. 6 and 7j. 

a Triturating perfonUetl platos. 
u’ Collar screws. 

(/■"• Chimney jjlato. 

(/'■ Ciuinney cover. 

6 Lateral plates (feed sid« ). 

/>'%LalerHl plates (rear side), 
u Screws of lateral plates. 

(■ Coarse screen, 
c' Screw of same, 
d Fine sieves (frame and cloth). 

(I Screws of sieve frame. 

(' Discharging funnel of dust eHg('. 

/ itevolving hhules. 
f‘ Hlade soia-ws. 
r- IVotection Screens. 

/■* Support of coarse screen, 
tj t)pening for tie* return of 
niaterial. • 

h Feed hopper. 

/i' .Screw of hopjK'r leg. 

/; Feed and hoss, 

/d Screw of feed boss. 

I Column supjiorting hopper. 

Hear cohmm. 

I- Gearing columns. , 

Ah ah’cady rmuitioned, the ball mill is surmounU'd hy a chimney. 
This ends in a dust cliamher on*1.h(; floor above, ^ this chamber is 
itself provided with a ventilating pipe on the; sidt; 0 })])()site to that 
» of the miil. When tlu; chamber is not suflicinutly wt^l ventilated, 
the steam passing from the ground mattniiil condtmses, the dust 
becomes wet, and the wood rots. It is, therefore, well to covei’ tlu^ 
sfdes with a coat of tar. In front of the chamber, that is to say at 
the point where the dust collects, are ^fixed two pi}K,*s closed l)y 
dampers, through which the dust falls into the giinding-room. It 
is, likewise, advisable to fix a fan to the dusj; chamh(*r, so as to 
/enew the air in the grinding- room. A greater quantity of dust* 


n D.Hinpcr. 

}i Anchor phUcs, 
r Cog whetd. 
r' Ihnion, 

/- Fixed pnlhy. 
r' Loose pnlhy. 
r* CHsrJor same, 

/ ■ Lnhrinitor. 

•v Dust cage. 

.s' W(Muh‘n supports, 

•s’’ Collcctii)^' hopper and pi))'*. 

/ AnU-rior Tateral side, ^ 

F Lateral |K>Hterior side witl^ man- 
hole in. 

/' .Manhole li<l. 
r C^)g whe« l shaft. ^ 
tc Main shaft. 

Frame work of dust cage, 

,r' Corner of th(‘ frame work. 

// Aeration chimney, 
j/' Coarse cloth unioji. 
i- Hear hoss. 
z' Screw f)f hoss, 
r’ Fixing screw. 
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in this 6ase collects in the chamber, which then requires more 
fre(^uent cleaning' out. ^ 'vith a speed of 200 revolutions 
suffices for two mills. A hall mill ft. dia. requires 20 H.P. ; it 
will grind 7^ tons of Florida phosphate, so as to pass thr6ugh a 70 
mesh sieve in twenty-four hours. It wor-ks continuously, and yields 
in a single operation a sifted and ground substance without other 
preparation than the previous “cracking” of the phosphate so as 
to reduce it to lumps the size of the fist. 



In cei’tain cases, especially in grinding basic slag, particles of 
iron may remain in the mill, which cannot be ground. They are 
lemoved through an opening made in the side which in nornhil 
work is. closed by a lid which can be replaced by a discharge grating. 
The distance between the bars of this grating being inferior to the 
normal diameter of the balls, it suffices to give a few turns to the 
mill to evacuate the residual matter. In large-sized mills a map- 
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hole. Hxed in one of the cheeks, enables the interior to ht‘ ihsjX'Ctetl. 

nwlls have lieen the subject of inajiy improvements, 'rhose 
made l)y the lirm F. Krupp, (imissonwerk Ma^dthur*;. are of 
%uch solih constiuction as to stand anv test and work for years 
without any ri'pairs. Th« construction of this machine rtapdres, 
in fact, a )K)weiful etjuipmenl and seh'ct mattuials, conditions to 
which sixth-rate const ructoi-s can make no ])retcnsion. 

I [j if})' r' s Mill with Air St'juirator. 'This hall tnill 

is ujost intcH'siinfjf owin^' to its ori}j:inality atul its ^ncat workin^^ 
capacity. But its \icld is ]wm force limited hv the simultaneous 
sittin;^' of the i^round inateiial; it ^nadually diminisli(‘s the lineiH'ss 
of the ^i(‘ves, the area of which is. moreovtu'. too small com]iared with 



% 

the work ca))al)le of l)eine <|()ue l»y tin* mill. Morc'over, if tin* mill 
he OVeifed, the substance Irejiled penepates into tin* eaviti(!H of the 
sieve before bcine reduced to the «lcsire<l fineness; thesiflint; beinj,; 
then retifrded as well as the normal work of eritulintt. Ihil alVaiis 
are radically altered if tin* powder be sifted sepji^iatelv. d'here i'^ 
then no obstacle to an incieased ]>r(Hluction by this naichiiu*. This 
* improvei^ent has been effected by th<* lirm of ,bfeilfei* P>iothf*rs of 
Kaiserlantern. 1 >y coinhiniu}^' the ball mill, with an air s(;paralor 
they have succeeded in creatin;,; a system of ttritnlin;,' remarkable for 
itli <.freat simj^licity and in incn'asinj^ considerably thV, useful effect and 
output of the mills, d’he construction of the machine differs from 
that of the ball null in the* foilowine d(*tails. 'I'lie ttrindin^'-sta^cH 
are comparatively small, each consists of a sinj^df* pieta* of crucible 
^ast*st(‘cl made with jjarticular care, they have no slopes nor orifices” 
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of any kind to weaken them. Consequently they raaintam their 
mechanical resistance to ^he last stage of wear and tear. Th^i;e is 
no fear with this machine of the balls plugging the escape orifices, 
besides there is no need to enlarge these orifices by a rimer, rrhe excey- 



Fi(i. 10. — Section of Pfeififer'K Cruaher-SepHrator. 


lent conftitruction of the trit^urating plates and the quality of the metal 
used render them almost everlasting. The plates from one stage 
to another are fitted with orifices which allow the sufficiently ground 
material to escape. These orifices can be regulated from the out- 
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side, and they may l)e co!itracted or enlarged as r(*<(\iired! so as to^ 
redtoct^ the material to lh(‘ recjuired (jegree of iineness. As in 
ordinaiy ball miils. the wroiight-iren cover \\hieh surrounds the 
•Irum ends in its lower part in a hop|H*r; this collects the ground 
material and leads it t<^ a cu)) idevator, which conveys it to an air 
separator, generally ]>laced above the mill. In this air sej>arator.. 
the fine Hour is sejiarated from the grains by mean of a cyclone 
of air produced in llu* machine itself and ciiculaling lher(‘. Th(^ 



Ve.. 11. — l'crrp(!cti\(,- view of J'ffilfi'r’K CiU''h<-r S«'pnrntor. 


machine has only three orifices, the f<jed entiance, the exits for 
• the granuiar inatei ial, and for the flour. It rec^iii-es ift'ither siev(% 
dust chamber, nor auxiliary apparatus of any kind. The sepai ator is 
shown in section in Figs. H and 10. The machine js constructed of 
WT*bught'Steel. and consists of a cylindrical envelope with exterior cone 
and an interior cone arranged at a certairi^distancf,* fi om each oth(ir. 
The ventilator g is driven by the shaft /. On the same shaft, 
below the ventilator, are two plates h and d, ^vhich receive the 
ipaterial from the feed funnel «. In consequence of the rotation, 
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the distributors y project the substance in all directions, and the 
current of air produced by the ventilator passes from belOVi% up- 
wards. The force of the current raises the fine particles, and 
carries them in its train through the ventilator, and proje*cts them 
against the exterior side, whence they fall into the exterior cone 
and issue from the central aperture. The larger granules contained 
in the material which have traversed the current of air, without 
being carried away in its train, fall into the interior cone and issue 
by the lateral pipe, to rejiass into the mill if necessary. The air 
returns naturally to the space below the distributor, so that the 
separator works constantly with the same amount of air, and there is 
no disengageimmt of dust. The rods, with pins, to he seen on the 



cover of the st'paraior, serve' lo raise or lower the annular obturator 
which regulates the <legr(‘e 3f fineness of the substance. The force 
of the current of air diminishes in pro])ortion as the obturator is 
raised. Jly these simple means, any dego'e of fineness can he 
secured. Once.A-egulated, it woi'ks without interruption and super- 
vision, and always gives a very uniform product. The ground 
phosphate can he bagged up directly or conveyed to silos, etc., 
whilst the granular pertion rt'turns to the mill to he further ground. 

Jaw-breaker Mills. C racking Mills, — The jaw-breaker mill 
shown in Eigs. 12 and 13 consists essentially of two jaws, A' and A", 
of hardened cast-iron, ridged or smooth. One of these jaws, A", is 
fixed on the anterior side of the framework, the other. A', is mobile 
and fixed on a jaw-holder which is animated by a to and fro motion 
round its axis /. This motion is transmitted by the excentric 
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driving shaft c, through the intermediary of the excentric crank 
B' and df a folding lever, formed by two hinge plates, BB, applied 



one on ,the framework in d and the other on e en the lower part 
of* the imovable jaw-holder. To avoid shocks the latter is joined 
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in an efastic manner with the crank B, by means of the spring g. 
For each revolution of the shaft c the space A comprised het'feen 
the' fixed jaw-hlade and the* movable jaw is contracted, and its 
minimum aperture determines the size of the crushed pie*ces. Th^ 
angle of the aperture of the jaws is easily adjusted by a very simple 
regulating arrangement, according to the nature of the material to 
be ground, and the degree of fineness re(juired. The size of the 

"1 



Fia. 15. — Double Roller Mill. 


pieces ma;^ vary fcvom 2 to 7 cm. in section, with a preportion ol 
core, which depends on the degree of friability of the material. The 
hinged plates 13B constitute a safety device ; they avoid any sudden 
shock, such as would be caused by the passage of a hard substance, 
a piecfe of iron, for exapiple, and then yield without any of the 
essential part of the machine being damaged. This mill is used 
for the preliminavy crushing of rock phosphate, or phosphate in 
nodules of a certain size. It is fitted with two very powerful 
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whegls, which ensure regularity in working. A crusher* of this 
sort, wfth a speed of 200 revolutions a minute, can crush 5 tons 
of phospl^ate an hour with 3 H.P. • Hand cracking, formerly in 
vogue, is now only adopted occasionally, when the (piantity of 



Fifj. 10. —Stamping Mill. • 


phosphate in the form of large lumps is not enough to warrant the 
use of the engine. • 

Toothed Boiler Mills . — To crush green (raw) bones for fat ex- 
traction simple and double mills are used with tpothed steel rollers. 
The rollers of the simple mill consist of a number of steel discs fitted 
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with teeth, and of alternate rings in juxtaposition, in such a manner 
that the teeth of one of the rollers corresponds to the rings ci^the 
other. The discs resist great pressure and are readily replaced. 
The distance between the rollers can be regulated according to tlfe 
size of the grain desired, by means of a regulating screw fitted with 
a spring stud. This machine reduces the bones to the size of a nut, 
mixed with granules, which are separated by sifting. The double mill 
comprises two pairs of rollers in a strong lateml framework. The 
upper pair is provided with large teeth and revolves at a slower speed 



Fia. 17. — Disintu^nitor with outer casing removed. 


than the low(U’pair, the teeth of >vvhich are finer. These double mills 
are capable of taking bigger l)ones (whole ox or horse skulls) than 
the simple uiills. ,They also grind finer, which is an adi'antage im 
making gelatine, wh^n it is desired to extract as completely as 
possible and to obtain gelatine of good (piality. The output of these 
machines is ahdut tons of crushed bones per hour. ' 

To«grind degreased bones cast-iron stamping mills, fitted with a 
steel grid in the bottom, and on the longitudinal side with wrought- 
iron sieves, are used. The fineness of the holes in the giatingand 
the meshes of the wrought-iron sieves depends upon the size pf 
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grain desired. Stamping mills 
w^ghing 1 to 2 cwii. each ; 
their }ield per hour is 
•about -}• ton of ^ inch 
bones. 

D is intey rato rs — Mills 
with Percussion Blades 
Phtted in Circular Becolc- 
my Boss. — For gi’inding 
raw bones, dried meat, 
and blood, disintegi'ators 
are used with advantage. 

The mill consists essenti- 
illy of a fi aniework with 
/ertical giinding cag(*, in 
A’hich a boss titled with 
dados I’ovolves at high 
T^p^d. The cage consists 
of Two lateral sides with 
a cover of wroughi-iron, 
and a scunicylindiical grid 
in two ])ieces, or com- 
pletely cylindrical in four 
pieces. The latei’al sid(‘s 
are lined inside with 
grooved plates of hardtuuMl 
cast-iron. According to 
the si/e of tlu! mill tlu* 
material to h(‘ groutid may 
be in fragments of the 
size of !i!i egg to that of 
the tist^ When it is fed 
through the hojijjer it 
is struck by the revolv- 
ing blades and ])fojected 
against«jhe giooved ])lat<*s 
and the steel bars ; it thus 
undergoes very energetic 
grindinf:^; when it is re- 
duced to the desired fine- 
ness it passes through the 
bars of the grid as a pul- 
verulent product contain- i 
ing more or less core. 


contain 1, 2, 3,4, 6, 8 or K) stamps 



For a width of i of an 


, inch the yield per hour is 18 .-Cup-chain Elevator, 

Stated to be about 2 tons 

f 
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of degreased bones, but this result appears too high for such fine 
grinding. (See pp. 120 et,seq.) • f 

Elevators . — Cup elevators are generally used. Gall's wrought- 
iron chain and Ewart’s chain deserve notice. These consist of 
small elements moving one within the -other after the style of a 
hinge. Leather belts and rubber belts are only used exceptionally. 
The cu])S are of wrought-iron furnished in the front with 'steel 
armatures ; they are screwed on the chains of the elevator. Their 
dimensions vary with the size of the factory. Cup chains are 
generally fitted with a tight cover, enclosing the whole machine, 
thus preventing the disengagement of dust in the factory. This 
cover comprises a cast-iron feed vessel with the top part of wrought- 
iron, ^and fwo square wrought-iron pipes carrying at their upper 



Fid. 10. — SiftiuiJ! Machine (driven direct, enclosed in wood cover). 


extremity a hood or coping of wrought-iron, fitted witli a fl^ischarge 
pipe ; wooden feed vessels and covers may be made on the spot. 

Sieves . — The sieves used.in the chemical manure tiade are of 
two kinds, viz. sorting sieves and sieves for fine flour. The sorting 
sieves are ooinbined with the coarse crushers serving to* sort the 
crushed material <• the portion which passes through the sieve is taken 
« to the mills to be reduced to a fine ])Owder, whilst the core is returned 
to the crushVlr to h) further reduced. Machines of this nature 
are conical or cylindric??!. They consist essentially of an axis, which 
passes through their entire length, and carries iron stays, qn 
which a perforated sheet-iron sieve, more rarely a metallic wire 
gauze sifcve, is mounted, the meshes of which have a section vaiying 
with the nature of the material to be ground. They are fitted with 
a feed hopper and a discharge pipe. 

The second class of sieves are more especially used for ther 



MANUFACTURE OF SUPERPHOSPHATE 


105 


sifting of the flour produced by the mills. They are also* used to 
soMt bone dust. The matter which pajsses through the sieve is 
bagged up, Nvhilst the core passes out at the end and is returned to 
the mills to he reduced to the desired lineness. As the material 
gives otf much dust the sitwe is generally covered in. Discharge 
pipes pass through the bottom of the cover. The constiuction of 
the machine varies according to the nature of the material treated — 
with substances easily sifted, the cylindrical form is used, whilst 
with substances which pass through with difliculty, a hexagonal 
sieve fitted with a heater is used ; the frames of the sieva'. are 
interchangeable and easy of access. Fig. 11) shows a sifting 
machine, driven direct, with wooden cover. Besides these cylindrical 
sifters, shaking sieves are also used, coni])rising one or inoiTi flat 
sieves lodged inside a cover. The cover rests on spi ings and is 
suspended and agitated by a crank shaft. 

Filter Prea^i . — The fllt(‘r piess is ca])ahle of interesting applica- 
^ons, not only in tin; manufactim* of double super])hosphates and 
p'e^pitated phos^jhates, hut also in the treatment of raw ])hospliates, 
with a view to their enrichment each time that they have to ho 
washed or mixed. 

After mixing, the materials have a semi-fluid, non-pasty con- 
sistency. It is, therefore, necessary to separate the solids from 
the liquid mass in which they are sus])(Mid('d. •TIh‘oM (h>cantation 
process gave good results. But tin; (Miormous (piantities I'iow 
treated daily rtmders it an (‘xtremely slow ))rocess reefuiriug 
numerous vessels and considt'nihle spac(‘. In w(‘ll-organised 
factories at the pi’esent day, a l apid method of d(,‘caniing answers 
an urgent want. This i’a])id d(‘canter is nothing m(lS'(‘ oj- less than 
the filter press, the yield from which is twenty times greater than 
that of the old jjrocess. 

Under a small compass the filter ])i'ess is, therefore*, aii ap])ai‘atus 
presenti^^ such a filtering sui-face tliat the solids and litpiids are 
automatically and instantaneously se])arat(*d. This a]>))aiatuH con- 
sists essentially of numher.of wraxl or metal jflates Be])arated by 
hollow frames, in which 'the solid matter aggregates as mon; oi- less 
compact^cakes, whilst the licjuid is pressed out, j)asHing through 
appropriate filter cloths. ** 

The filter press is fed by a pump which propels tin*, mud into 
the filtering chambers. The chambers aie mac^i tight' by the pres- 
sure system of the filter and by the packing»which the filter cloths 
g\ve between the different jilates when the latter are forced together 
by the central screw. As regards the filtration of phosphatic 
material, manures, etc., the filter presnes ought to exhibit such 
peculiarities of construction as to ensure the flow from the material 
without the formation of channels during the course of the operation. 
On the other hand, when the cakes are formed in the frames of the 
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filter presses they still contain a certain amount of mofher liquor. 
% obtain products as pure as possible ^these cakes must be w ashed 
thoroughly to remove from them, the ‘liquids which they contain. 
The filters should be so arranged that this operation of washing is 
thoroughly and absolutely effective. 

Mixing of the Phosphate ivith Svlphuric Acid . — As already 
mentioned, the phosphate was formerly rendered solul)le in pits, 
in which the acid and phosphate were hand-mixed with suitable 
tools. In other w’ords, they worked like masons making mortar. 
But for thirty years this work has been done exclusively by 
mechanical means, which enables the mixing to be done more 
rapidly and in larger (juantities at a time. • 

Consequently the mixing pit has been enlarged so*mueb#lbat in 
its new form it constitutes the chamber, or more familiarly tlu' “den 
or “house” in w’hich the phosphate is rendered soluble. Tins 
chamber is closed, and care has to be taken to eliminate aiul jvmder 
inoffensive the toxic gases which are disengaged from tlu* material 
•d^^ring its decoin|x)sition. , 

To mix the acid with tlu? ])bosphiiti‘ a “mixer” or mixing 
machine is used, constructed and installf'd thus: The mixer con- 
sists of an egg-shaped pan UG nuitre (about (>4 in.) wid(* at the top 
and 1’20 metre (4H in.) wdde at ))ottom, fitted with two discharge 
doors, with lever and counterpoise, which eiiibles tiie mixing to be 
run into an enclosed space, called the decomposition (jhamln*]- (“'den 
or “ house ”), built on the ground floor or sunk in the grouiifi. The 
pan is fitted with a vertical shaft, driven by cog-wheel gearing, and 
carrying blades of a special form arrangi'd in a ludicfciid maniu'r; 
these lift, throw down^ and triturate tlu; mass, aft#*!’ the style’of a 
plough as it woi'ks tlu; grouiul, pr(‘venting it at the same time la-ing 
deposited on th(‘ bottom and attached to tlu* sides. It sulbces 
to pull tlu; level’s to open tlu; dischaige doors, and thus let the 
liquicWt fall into tlu; decomjiosition chamber (“den” or 

“ house ”). 

The work is easy and rapid. Tlu;pan is made of cast-iron, with 
2 percent of a special -alloy whicli renders it vt;ry resistant to acid. 
The aiiTis of the agitator and tlu; blad(;s as well as tlu; valles are of 
cast-steel. The mixing shaft iiAifkes sixty r<;volutjoiis a minute ; the 
mixing is triturated (chunu‘d) until the pulverized jihosphate i^ 
intimaUly incorporated with the acid. When Jthe grotmd phosphate 
is too coarse to pass through a 70 mesh si^ve the mixture r<;mains 
longer in the liquid state, in which case the length of time occujjied 
m mixing must be prolonged. The acid, contaiiied in a lead-lined 
tank, is run into a measuring tank by opening a valve > it flows 
through IJ inch lead pipe into the mixer in the form of a shower 
like rain. At the same time the crushed phosphate — pr(;viou8ly 
• weighed and laid on sacks on two inclined planes to right and to 
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left of thd mixer — is run into the mixer. In certain factories the 
phosphate is brought to th§ mixer by an elevator, and received l/i 
buckets by means of which it is »un into the mixer. The bags retain 



Fig. *21. — M*xer installed above the Superphosphate “ Den 


about 1 per cent of phosphate in the fabric. The mixer can accom- 
modate a .charge of p25 to 250 kg. (495 to 550 lb.). When the 
phosphate is rich in carl)onate of lime the mixture froths and* 
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threatens to prime. Such a mishap is obviated by diminfshin^f the 
of phosphate. The acid and phosphate should Ix' nm in 
simultaneously and not one after, tlie other. The mix(M- works 
•continuously; no stop is made except in case of a l)reiikdown. 
When one “mixin^^” is finished and dischar^x*d tlie sidt's of the 
mixer are rapidly dusted with a little pliosphate to lunitrali/x' any 
free acid left there which might corrode the metal. Tlu' working 
of the mixer requires the service of three men ; the lirst tak(‘s charge 
of the machine, the second superintends the measuring and running 
in of the acid, the third brings the sacks of phosphate. The 
charging ot tlie mixer occupies Id ininutt's ; agitation recjuirt's two 



Fill. 22. --A, Mixer. 15. CouiilerpciHe. (’. (Jtis Fneape I'ipe, |). (,'iip 
Fdevator ronveyinj.' tlie tlaw IMiospliiite. F. Hew r\oir. !•'. Jtnhiiu e 

for Weiffffinj' the I’hosphiite. (i. Screw (’(iMveyer. II. t'ced ]|op])er. 1. Arid 

Mcasurinf' Tank. KK. Ihiderground Convi-yer. 1;. Kxit of 'I'oxie (Insrs. 

• 

minutes, according to the imture of tin* phosphate; dischai^e takes 
half a lifinute. The “den" maybe hlled to ; of its height; the 
vacant space serves as a regubtfO]’ for tlie evac, 'Ration of the gas. 
The decomposition of the ])hos})hat(; by acid is elTected not in thcj 
mixer, l^ut piincipally in tin? “den" or “hrsise". ’('old acid is 
used, i.e. acid the temjieratuni of which varies hetweim 25' and IK)" 
Q. (77° to 86° F.), and of a density between 50° and 55" B. flOG" to 
123° T\v.). When the acid is at a lower t<*m})erature, the mixing 
loes not heat enough to drive olT tlie f;xcess of water, aiAl yield a 
irj' superphosphate. When the acid is too hot the mixing thickens 
Loo much in the mixer, in which case the acid, may he more dilute. 

Owing to the evolution of gas, the thick liquid effervesces, and 
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forms air-l)ubble8 which rise to the surface ; at the same time it 
heats up to 120® to 150® C. (248® to 302® F.). Gradually the mixtiVe 
settles in the “den,” and after an hour it sets. An addition of 
dolomite (carbonate of lime plus carbonate of magnesia) keeps it* 
liquid for sometime longer, so that the water evaporated is then 
much greater. The manure is also drier because magnesium 
sulphate crystallizes with seven molecules of water, and that is an 
elllorescerit salt, not a deliquescent one. However, it is not usual 
to send a manure drier, up the cups. 

All the heat given off by the reaction ought to be utilized with 
that end in view' (carrying off the water). It is only when this is 
done that ^fe^rfect solution is realized, and that a superphosphate 
that ,\fill behave well on subsequent manipulation is obtained. In 
recent years attempts hiy»^e been made to employ hot sulphuric acid 
and inject hot air into the chamber, in order to hasten the action 
and dry tlui su]X*rphosphate, but the results obtained proved un- 
satisfactory. Tlie o])inion of ceitain specialists may be endorsed. 
Suoii (iXjMU'iments will nevei’ be successfid, because it is irrational tJ 
exc(‘ed a temperature ot^ 100® C. (212’ F.) in the “den’’ except in 
the cas(; of phosphat(*s of very good (piality of which there is no need 
to fear letrogradation. it is l)ett(;r to leave the mixture to itself dur- 
ing its chemical transformation and allow' the change to take place 
by insensible gradatfcns. I'lxpcuience shows, morc^over, that the 
injection of hot air into the mass gives it the consistcmcy of mastic, 
winch Ihe manure manufae.tui-er always tries to avoid, knowing full 
well that tlu; ])orosity of the su])erphosphate is the best condition to 
realjze for !fubse(juent o])(‘i-ations. Tin; construction of the decom- 
position house^r“den” is not ve it complicated. The walls are 
two-bricks thick; tlu'v are cover(*d inside with a coating which 
resists acid. To consolidate tlnun and pr(‘vent them yielding under 
the pressure of the mixing, th(‘y are. fortified by iion T pieces, fixed 
to tlu^ base by masonry, and joim‘d to tlu* roof by cramping iions. 
The roof consists of iron T pii'ces, thrt‘e feet ajiart, laid on the walls, 
and connected together by iroti rods or arches of masonry, the w hole 
being covered l)y a coat of cenumt. .\11 the ironwork is covered by 
paint to resist acid fumes. The house is fitted w'ith a soliif oak or 
pitch pine door oDusolidated insidti by planks placed crossw'ise in 
kthe gutters. The chinks of the planks and the door are luted with a 
paste of clay fto as toi prevent air penetrating. The great difliculty 
with the doors is that the acid eats away the l)olts of any opening 
handle ; the men piust then perforce lever it ojxan hy the pick. Thg 
result is that where the pick is applied a chink is formed which 
graduall;f enlarges. But iU is not a case of air perntrathuj into the 
house, but of fumes from the mixer or house escaping into the air 
through chinks. Bqf.h the district authority and the Ijocal Govern- 
ment Boaixl in Great Britain would at once proceed against any 
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manufacturer allowing the fumes to escape into the air. If means 
be 4aken to prevent the escape of fumes, then it follows, per coutra, 
that no air can gain access, because 4he pressure from within oiit- 
^^ards is far greater than from without inwards. The air cannot 
penetrate until the gaseous fumes have condensed, and then the 
quality of the manure from that hatch is fixed and iletermined It 
is not advisable, however, to open the door too soon, unless in the 
-case of hurried mixing specially. The doors are best construct(‘d of 
pitch pine. 

In the early days of manure inanufactun' only oiu' “ house ” 
was used, and the mixer was installed in the centre of the ct'ilingof 
the house; then two houses were installed with the mix^'r over the 
dividing wall between tlunn ; finally, lat(‘i- on, four houses "liave 
been built and the mixer placed at the jnncyon of tlu* ))arty walls. 
This plan gives excellent ri*sults. Tlu‘ mix»‘r in that case is litU'd 
with 4 discharge doors, each of which eni])ties into th(‘ house in 
^^tich it is situated. Each “den” has a capacity of 50 lo 100 
tOTN% according to the size of the factory. • 

Attem])ts hav(‘ been made to devisi' methods of rendering phos- 
phates soluble mor(‘ ra])idly a!id more eompletc'ly than h\' tlie 
process just descrilx.d. To accomplish this lh(‘ ])hos])hale was 
reduced to a very fim* state, i.c. to ])ass through a No. 100 sieve. 
A paste was made with it by drenching it witll water oj' with acid 
of 10° to 2(E Ih and finally adding the rest of tlu' acid at (10 Ih^ fhit 
this process was soon abandoned, foi- the action was found to lx* 
too violent and tin* nu^tal of thi' rnixei- was attacked by the acid. 

Atteinj)ts have jdso la^ n made to render ])hospha.tesVoluhle jiy 
mixtures of hydrochloric; and sidphuric acids witliNut an\ great 
advantage. The supei’j)hosphate in this case contained OdO per 
cent of hydrochloric acid, which rolted the hags : la-sides, the mixlurt- 
of sul[>huric acid and hydrochloric acid attacks the metal. 

JlenP^al of the Toxic Ftinirs. The gases formed in the 
super])hosphate “ dens ” cannot he allowed loescajie int<> the atmos- 
phere without lanng pui’ilieil, in co;ise(|uence of their offensive 
smell and corrosive actfon. They are geneially passed through a 
W'ash to\S^r by means of a fan. Henker and Hartmann make veiy 
simple installations and use foi**this jmrpose inJestructihh: fans 
with washer purifieis which })uiify the gas com])l<‘tely. The fans 
'should he’ rather powerful, so that the. amouiK* of air* drawn into 
the “ den ” during discharge; is sullicient to allow' the labourers to 
err^pty the “den” under good conditions. Fig. 
tower constructed by F. Benker and E. Hartmann. It has several 
compartments and no packing. The gas penetrates into the first 
compartment, and ascending it meets a jet of water in the foi in of 
rain, produced by ebonite pulverisers { Kestner . Lille). From the 
first compartment thev pass into the sfjcond through the toj>, from 
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the secofid they pass into the third through the bottom, and so on 
up to the seventh compartment, when they are exhausted, •J’he 
silicic fluoride is decomposed J)y water into silica and hydrofluoric 
acid ; the first can he separated by the filter press and the second 
can he concentrated to 12 to 15 x^er cent by volume and by mixing 
with alkaline chlorides, or even sulphates into the corresponding 
fluosilicates, which find a use in ojjaque glass manufacture and in 
flux enamelling. i 

The translator thinks it advisable to offer here a few criticisms 



on the method onnakingsuper])lwsphate as described by the author. 
First of all, the measuring tank has to discharge itself before it can 
be refilled, s<) the r^ifilling cannot start before the phospljate is all ( 
in the mixer. However, it is just possible that it can be refilled 
in the two minutes taken up in continuing the mixing processy 
after all the acid*and phosphate are run into the mixer— that is^o 
say, if 140 hitch occurs. But if the same principle were adopted 
with 2 to 21 ton mixers, as used in Great Britain, and the 
agitation prolonged^ in accordance with the weight of the mixing, 
then a 5 cwt. mixing taking two minutes’ agitation, a 50 cwt^ 
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mixyig ought to take twenty luiiuUes, whereas it is sliot into the 
"don ” shortly after the last hag is up the cups and the last drop 
of acid run in. When the mixer is Irand-fed and the lid ieinov(*d. 
t?ie fumes escape into the air of tin* hiiilding, and that is had for 
the men at work. Again, -a cast-iron mixer is a dtanl-weight on 
the boundary wall between the two “dens,” and ihesi*. eaten away 
acid, are none too strong. Again, in Fig. 22 the phosphate 
should all he weighed before it is shot at the foot of iht' cups, and 
the elevator should then dischargi* right into the mixer, and the 
spray of acid and the shower of phos])hate shoidd meet at tlu' same 
spot. Then with a horizontal instead of a vertical mixer a wooden 
tank lined with 5 11). lead can he used. Tlu* only cost isthe mixing 
shaft and hlad(*s and the gun-metal discharge* sluice* valve's. With 
such a mixei’, to take 2*. tons of su])e‘i’])hos])hate*, the* mixing shaft 
is best made in two pieces, anel the* mielelle e*xtre‘mitie*s i*neiing in 
projecting studs turneel in a lathe* are* sc;’ewe*d up witli heilts and 
»iuts. Then if one*-half of tlu* shaft hie*iiks the* other ))ait can 
re^NfcUi in situ, and the* whole* shaft ne*e*d ne)t he* re*cast. hut ciye 
must he* taken that the* two halv(*s re*volve* in ])e*rfe*ct symnu'ti'y. 
Again, it is a ve*ry awkwaid thing to e*m])ty a ve*rticaJ mixer wh(*n 
it sets. .All that has to he* donee with a. he)ri/e)ntal le*ael-line)l mixer 
is to remove the* (loose*) hoarels by which it is cove*re*el anel se't a 
man at work to dig it out, and if the* mixe'r i^ ne*ar the* e iives all 
that he luis to elo is to re*move‘ a tile* or two to se*cure* ve'UtilatieV). 
But in a vertie*al mixe-r, W(*re* it not feu’ the* tiny mixings el(*s(a ihe*d 
by the author, it must he* more than ordinary trying task. Coming 
now’ to hot acid ve*rsus cold acid : some*. phos])hate* cai^he* mixyd 
V(*rv well wit!) cold acie^, e*.g. ('are)lina plu)s])|jiite*, •But Somme 
phos})hate iea|uiros hot acid, anel the* tianslator founel it iielvan- 
tageous to kee*p a 10 ton tank at MO F. This he* eliliite*el with 
water as reajuireel, iis the* author suggests. Somme* is not in any 
way a fitPPt-class raw mate*rial. 



CHAPTER VI r. 

CHDHIIING, SIFTING, DRYING, AND STOKING OF SUFERFHOSPHATK. 
RETROGRADATION. 

Fj'mptj/inij aiul SiftnHj the Si(‘jirrj)li(}s}>h(ifr House oi "'Den ". — 
Knipt\in^' tin; su]>er))hos])hat(; “den” is still done in a primitive 
rnanm-i', which consists in char^dn^ t[i»‘ su])eip}ios])hate with the 
shovel into tluj recrdvin^^ vessel of an elevator or into half-ton 
wagons. Thr; latter are run towai'ds a ci’ane that lifts tliem 
.Hph3ads their- conUmts over tin; hrsa]) from a cm-tain height,' In 



Fic). -24. — A, Su|)«>r{)hi)Ki)hHto “ Deu ” l>. Di^char^e Apersures. C, Beit Con- 

^ veyrp D, Filevutor Receiver. E. Elevator. 

default of tire ehwator the IrtMi]) could not he raised high enough, 
and mor-(' capacints warehousr's would he required. }^ut in workrng 
even or,r a fairly large scaU‘, in (Ireat Britain the work of shifting 
is sometimes still dom' iry harrow, ])lank, and gang sack. One 
man “ gets ” the stutT with the pick, two men till the barr'ow, a fourth 
or fifth man, if need he, wheels it on the ground at tir-st, then up a 
plank and when the plank is too steep the barrow men cease tfo 

( 114 ) 
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plydheir barrows and take to gang sacks, their lieads and shoulders 
beitig protected by a “ ])acking ” captor at a pincli bv a sack. 

, Another method of removing the suj>t‘rphosphate out of the 
houses, consists in emptying them from l)elow. In tliat ease tlu^ 
house is built over a second compartment into wliich the nuiterial 
drops on to an endless belt 20 in. wide, tlirough hoh*s in the floor 
covered by iron lids. The belt delivers the sup('r])hos])hale on to 
an inclined plane ending in the rt‘ceiver of an elevator, which 
discharges the su})er})hosphate either on the heap, into a Carr’s 
disintegrator, or into a jigger, according to tin* method of working 



Fi'i. ‘ij. — Benker fifxl Ilartiniiiin’-' Itxijxivcr of Su|tnr|ihiirtjiliat.f^ 

froiii “ lion" I Innj'itiKliiial sfctioii), 


adopted. The best pl:ni is to giviijlho elrvator a(;(j||tain amount of 
slope and use comparativcdy largr cups, becaus<‘ fn-sh sujx’rphos- 
i^hate oug^t to be pressed as little as ])ossibi 4 ’, otlKt’wise it is 
converted into a gluey mass dillicult to manijjulaie and to dry. 
The emptying of the sujjerphosphate “den” is not exactly a 
pleasant job, even if the lu’at and the gases, still |>(irsistent then* 
and disengaged W'hen the su])erphosj)hate |s displaced, be nol taken 
into account. The workmen are therefore obliged to use resjjirators, 
the sponge of which they should keep moi.st, so as to ju'event any 
accident. The superphosphate ought to be extracted from the 
ch'amber whilst it is still hot. so that the vapour may be eliminated 
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and not condensed by cooling. If the superphosphate has been 
properly made it soon crifnibles when exposed to the air ; if b^dly 
made it forms lumps wliich do not crumble in tfje air, also the surface^ 
of these are damp from free phosphoric acid, whilst the insides form 
niiehii of neutral pyios])hat(r of lime : this occurs when too strong 
acid has been used. Tbe core, sifted from the material, is dried in 
an oven if it cannot be crushed in a Carr’s disintegrator. 

In a general manner the reaction which! superphosphate under- 
goes during th(i ])rocess which renders it soluble, and which consists 
in the precipitation of sut])hate of lime land its conversion into 



Fi ,. 26.— Bcnkcr and Hartmann's Mechanical Keniover of Superphosphate 
from “ Den " (end view). 

crystallized gy])suni, is accomplished rapidly. (Jertain phosphates, 
however, form tbxceptions to tins rule : crystallization in this case 
being stimulated l)v stirring them with the shovel, and the process^ 
is finished by drying. * 

New Methods for Hhc Mechanical Extraction of Superphospluite 
from the Dch — The manipulation of superphosphate baing 
dangerous, on account of the toxic gases which are disengaged, 
etlorts have been made lo empty th(‘ liouses mechanically. But 
the appliances used are costly and defective, especially owing to the 
false position at the door of the excavation plant. Beiiker and 
Hartmann’s mechanical extractor obviates these drawbacks, in so 
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far that the excavating organ is arrangt'd so as to support’ its shaft 
at ijs two ends. Figs. ‘2o-‘2S show tin* a,nangeiueni which forms 
the subject of their invention. Fig» 25 is a longitiulinal srction. 
Fig. 26 is an end view. Fig. 27 is a plan. Fig. 2S i^ a detail. 

The superphosphate “ dt*n ” n lias interior lateral sides /< arrangiai 
in grades, reverstnl ahov(\ in such a way as to givt* to the linal block 
a form approaching that of a cylindtu-. Tlie floor of the “den” 
is pierceil in its centrt' by a longitudinal opening e covered by a 
wooden trap <1, one of the ends of which is fitte»l witli a ring handle 
e. The “ den ” has in its fact* a circular ojx'ningy’shut by a. door ;/ in 
two parts. This “den” is traversed through its whole length by a 
shaft li, su]j])ortt‘d on two suitahh' hearings so as to dovetail into 
and continue a scrt'w sliaft i mounted in a fixed sc.rew* /. cog- 



wheel /,•, geared to the outsi.lg scivw part of the shalt /, has a claw 
VI, which jienetrates into a longitudinal gutt.-r // <)f that shaft, so as 
to conma*! the shaft i- with the whrel I: in the diivetion ol rotation, 
hut le‘tling it glide freely. On fh<‘ ^haft h two ii nis n ;iii-l /» an- 
fixed dianu-tri(;allv o])posite one anotlier. om- ol which, e, lornis^ 
a sort of .•om])Ound knife, lilted with tenth 7 pn.i.ctfng Ironi the 
hla<les r. The other arm /». convi'iiieiitly li>^Ml behind the lirst, is 
filjted at its free* end with a soil ol shovel or ^loon .s. A c<m- 
veyer /. of known constnuaion. is arranged below the o])ening e ol 
the den. and empties into a suitable ideviitor //. A hand oi^ stnll e, 
fitted with suitalile counter])oises and //. is arranged above the 
shaft screw p so as to cover it when it enters .inside the den. A 
mixer : is fixed at the to]) of the “de-n.’ and tlur installation ina\ lx; 
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completed with fans and condensers of any desired construction. 
The cog-wheel k may he dpven by any suitable means, for example, 
by a play of pulleys fixed and .movable, 1 and 2 acting in different 
directions. The working is as follows: During the mixing of thf 
mass of superphosphate the trap door d covers the opening c and 
the door (j covers the circular opening in the front of the “ den,” the 
two ai-ms, o and p, being kept outside the “ den After the super- 
phosphate has set, the trap-door d is withdrawn by aid of a hand- 
winch, not shown on the drawings, then the door (j is removed. 
The whole of the shafts, k and i, are caused to revolve in a suitable 
direction to bring the mechanism inside the “den When the teeth 
(J of the arms o come in contact with the superphosphate, it ])ene- 
tratef^ into the interior of the mass, detaching ribbons which break, 
forming small fragments and these fall to the bottom of the “ den 
The blades r in turn come in contact with the portion of the matter 
projecting between the teeth, detach these likewise in the form of 



Fid. 'JS. -<I3enkt.T and Hiirtinami'K Mechanical Keinover of Superpho-phate 
« from “ Den " (detail).^ 

ribbons, which collect at the bottom of the “ den ”. The shovel .s at 
the aperture C- brings th(‘S(‘ fiagnients, from where they fall into the 
conveyer /. Whilst the shaft / is ])enetrating inside the “dpn,” the 
cloth r unrolls and covt'rs this shaft so as to })revent it being crushed 
by lumps of supei-phosphate. When all the matter in the “ den ” has 
been leduced to fragments and removed by the conveyer, the rota- 
ion of 'ilu‘ shafts It and i are I’eversed, until the arms o, p ;>.’e outside 
die “ den ” ; the sliding door d is .i;'*placed as widl as the door ij, and 
-he mixing of a fresh batch is commenced. This ari’angement is 
dmple, and f^conoipical. The arm supporting the cuttivg knife is 
ixe<l on a shaft supported at both ends, which jirevents all work in 
also directions and secures a better output. The attack of the 
material by a v^rtical knif<‘ facilitates the convevance of the fnig- 
.rierits it forms. This arningement may he applied to any existing 
“dens,” best by modifying the inside shape of these “dens,” so as 
to render them cylmdrical. During the mixing of the superphos- 
phate no delicate prece of the mechanism comes in contact with th^^ 
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material, so that the mechanism is pnictically iiulestrueiihle-aml liith 
liaWe to damage. The screw shall may he replaced l)y any oilier 
arrangement, giving to the arms u, p a torward lu‘licoidal motion, 
grid litting the whole mechanism with an arrangement allowing the 
speed of the displacement of the arms to he increasetl at will ; 
for example, for their r(*tnrn. The invention applies to the 
extraction of superphosphate as well as to manures, or analogous 
chemical products. Summing up. the inventors claim : 

( 1 ) An arrangement for the mechanical removal of su))er])hos- 
phate consisting of a veitical shaft e. mountial on a horizontal axis 
h, and driven with a simultaneous movement of rolatioii and trans- 
lation of which the blade r comprises projecting t('etji 7, })refer- 
ably incurved on the axis, with the object ol first ol all hrmging 
the' teeth in contact with the material so as to commence the 
attack of the material liy the te(‘th, and iinish it by tin' blade. 

( 2 ) A method of applying the arrangemt'iit dt'seribed in (1), in 
which tlu' horizontal shaft It of the knife, comprising a ratlial ai'in 

\vith a sho^■el v. is suiitiorted at its two extremities and 
forms part of a sennv shaft /, ('ngaging into a fixed screw 7. itnd 
gearing with a driving cog-wheel /,•, in wbkdi it ca.n glide so as to 
avoid any falsij working. 

Allr(iri's jUr rvnmi nui Sk jicrjiliosjilKitc I rout ihr “ Ih'tis 

Allegri, the engineer of the unit<*d factories of t]ie Italian agi icultur- 
ists, has also patente<l a machine to rejilace manual labour in r«‘iwov- 
ing superphos])hate from the mixing “ dt'iis . 11 is a))plianc(* consists 

essentiiilly of a soi t of plough, to which a horizontal aiid vei tical 
motion can la; im])aited. Thi-: plougli traveises tin* chamber in 
the direction of its length, at each passage it detael^es a thin s^ie»* 
of super])hos})hate and discharges it thi'ough the dooi' in the top ol 
the chamber into a conveyer. single workman can suptaintend 

qI’ these machines, dins machiiu' moves 10 tons ol sujiei- 
])hos})li^te an hour. The force lu'cessaiy is 1 II. I’. '1 he cost of 

iipkeej) IS limited to changing the plough from time to time, whicli is 
the only jiart (.*\i)osed to contact with tin* superphospliate. ddic 
appliance may he litte(i to any existing ‘•den” with a few altera- 
tions. « , , , 

'\nother method of em])l\ mg, sn])<-rj)hosi)liate ‘dens is com- 
prised in Fritish Patent N<.. 20.Mh (25 Feh., 100 /). It consists in 
the su])ey[)hos])hate being leceived on a movable platlo4m, on whiclr 
it rests so as to expose sides and top. so that the mass can he 
broken up in the open air. With this entl in view the floor of 
tlfe decomjiosing “den ” is mounted on wheels ;*hy tins means it 
mav he drawn out of the “ den ” by appro])riate nn'chanism,through 
a movable door made in one of the, sMes. Ihe superphosj)hate 
removed in this way is then broken up by any mechanical arrange- 
pientand charged ‘into conveyers to be conducted to tin* diymg 
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machine. Finally, the followin;^ arraiif^ernent of the superphos- 
phate “dens,” in a Rordeyaix factory, is described, as an intereH^ing 
improvement. Tin; new “ dfum ” consist of long channels in a mass 
of masonry work below the mixer. These channels aie 1'6 to l-fl 
metres al)Ove the floor of the factory. • A metallic cradle placed 
insid(! th(iS(i channels, of which it assiim(;s the form, is propelled 
by a winch jix(;d on the flooi’ on the side 0 })posite the discharge. 
During mixing tlui supcirphosphate as it com(;s from the mixer 
adlicM'cs as an imnumse cjike to tlie bars of the cradle. To dislodge 
it, it suflices by nuians of the wirmh to bi’ing the cradh? out of the 
d(m, where the product is collected in trucks. The workmen have 
litthi difiiciflty in d(!taching what adheres to the; bars from whence 
it falis into ‘the trucks, which they do by means of rath(;r long tools, 
so as to kee]) at a suitable distance. A hood conm'cted with a fan 
is ])lac(Ml on the discharge door, by mesans of which the fumes are 
'drawn from the. (>,xit of tbii “ dens,” thus no inconvfuiiiuice is caused 
to the workimm. The su])cr])ho.s])hate is conv(‘ved by wagons into 
the Persian wheels which elevate it into the drying ovens. iV^^n 
draw s vapour and dust from the dry(ns, and pro])els them through a 
dust chamixir wluire th(^ dust subsides and then into a condensation 
tower for the removal of the acid fuiiK^s. The manufactur(i of 
sup(U'])hosphate, owing to this mwv ari'angtinumts, ])resents no serious 
drawl)acks as r(‘gaills the lu'alth of tlni worknu'n or of the neigh- 
l)Ourhood. 

llrcdliiiKi lip and SijCniti or Scrrrnliui of Sh fn‘rj)hospka ((' . — 
The supm'phosphati' ])lac(Ml in a hea]) in the fresh state consolidates 
itself so m^ich that it has to Ix'brolom down oi* “ got” by the ])ick 
and shovi'l. In ord('r to rediure it to a piTjix'r degr(‘(‘, of litumess, it 
was formerly projec.ted against an inclinetl si('V(' (sci'een) and the 
“ coi'c ” crushed with th(‘ back of the shov('l. This sieve, of b-(S 
mm. in sectioti, that is a (piarltn- inch siev<‘, is still in use in small 
factori('S., \V(*ll-mad(‘ superphosphate* do(‘S not reepiire* H he* put 
through (juite* so fine* a. S(a(*(*n as a one-fouilh inch scrt*en e*xcept 
for the* dry mixing of (tompounel manures. \Vt*ll-made* su])er])hos- 
phate* pass(*d through an inch scr(*e*n is tine* t*nough for most 
j)ur})e)se*s, and through half aai inch for all ])urposes, am'i tlu* price 
is now cut so till' (hat to add to'lhe* ce)st by passing it through a 
ne*,edlessly close sieve is irrational, the* more* sei as su])e‘r])hos])hate, 
as elistingui^lieel fnem we't mixe*el compounel manure's, hf:s little' or * 
no core*. It oi\ly wai;ts a toue-h with the; shove*! to bre'ak it up to 
fine; ])OWeh'r. SJiaking and re*gulating sie'ves are also in use. To 
geet the* su])e*rphos])hate* from the* he*ap, the l)e'st plan is to attack 
it at tbt' tail ce)rner by elr.-iwing it towards oneself with the ])ick. 
By lifting it in sueaa*ssive laye*rs it woulel run the risk of being 
compressed. Care*, is take*n not to excavate too deep underneath 
when the heap is more that (i ft. high. < 
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^’ompact superphos])}iatt' is mluced to a ])ulv«*riilc!U' statt' hy 
Cav’^ disinte^nator or a ciusIum* titled wjth steel teeth. 

Carr's Disintpijrator. T\\\>^ diiintej^rator was iiiVt'iited hy 
Thomas Carr of ^lontepelier, near Bristol, and was patented in 
Great Britain. It consists essentially of two. tour, six. or ('i^ht 



concentric caj^es, the cylindrii^al sides of which consist »)f metallic^ 
bars f), (‘nciised on one side in plain discs n, on^tlu' oilier on crowns 
a. Thf‘ tirst (inside). thir<l and lifth ca^^es form an aecre<;ate of a. 
sin^de ])i(.‘Oe, screwed with th<‘ boss of tin- disc on to ailri\in;4 shaft, 
In tin* same wav the second, fointh, and the sixth ea;;es lorin an 


a<^}^n‘ee;ate mounted on tie- otliei- shall. 
The machine is drivmi Jroni the same 
shaft by means of two belts, one of 
which is strai,Ltht and the other crossfd, 
so that the (;aees lornied by one ol tbe 
element, of the drum tit into the annu- 
lar s])ac(*s of the othi'r and revoUe in 
the 0])posite direction. Tb^* inachine 
is usually ('ucJosed’ irr a li^dit. c(n'er 
and surn^iunted by a. bop])er c. into 
which th(! material to be pulverl^-d is 
charged. This falls into the interior 
ca'^o an(>the machine bein^ in motion 


" - •• 

- ; ■ -y 

Kk;. :iU. Can’ . 1 )if-'mt,' ;.'r i ^ 
lor.* I'lan ol*th<- t'vlindi u;;il 


it is projected by cenlrilu;,nil force 

across the bars of the first cae<' into ^ _ 

the second; turnin^t opposite direction from the second it is 
projecU'd in the same way into the Unrd which turir^ m tlu! 
kme direction as the tirsl. then into the fourth, and sr> on. 
Finally, it is projected on the outside, on all the points ot the. 
periphery throu^di tlie bars. Tbe ojieration «loes not last a second. 
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The rapidity of the grinding is not astonishing if the great number 
of shocks to which the matter is subjected he considered ; ‘the 
power of these shocks cbnsists in the sum of the speed of ^the 
substance in one direction an3 of the bars of the cage in the otheife. 
The substance issuing from the crusher falls into a side channel 
hollowed out of the foundation of the machine, from whence it 
collects in the receiving vessel of an elevator, which removes it. 
The size of the drums, number of I’evolutions a minute, the 
force' and the number ot bars, vary according to the nature and 



Fiu. 31 , — Chii’h or Toothed Crusher. C, Sieve. T, P^levator 

(J, H, Trausuiissiou Shafting'. 


the quantity of the matei-ial to .be treated and according to the 
fineness to be imjiarted. A product, consisting of granules of 
* no matter w^iat size, can be obtained by turning the di;unis at a « 
greater or less speed and having a suitable distance between the 
bars. The experienc<^ of the constructor is here the best guide. 
Carr’s disintegrator is one of those which utilizes, to the b^'st 
advantage, the energy which is transmitted to it, wliich explains 
its extraordinary high output compared with some of the other 
disintegrators. It is used, not only for crushing superphosphates, 
but also for degelatinized bones. It also renders good service iy 



CKUroiNG, SIFTING, ETC., OF SUPERPHOSPHATE 123 

making compound manures, provided that the ingredituitn possess 
the ^ame or but slightly ditlerent densities. 

tjylhuirival Crusher Fitted irith JFecth . — This crusher consists 
essentially of a cast-steel foundation, on which are mounted two 
rolls, one of which is smooth, and the other provided with steel teeth. 
The first of these rolls has a diameter of 3o0 iniu. (about 11 
in.), and travels at a speed of UK) revolutions a miiiutt'. Tlu‘ seeo!id 
has a diameter of 290 mm. (II! in.) and revolves at a speed of 1000 
a minute. This latter roll consists of a cast-steel uucK'us on which 
are mounted toothed rings, easy to remove aiul rcjilaet*. The 
machine is surrounded by a protecting cover, with a ho]tpei', into 
which the material to he ground is fed. The suhstigicr ))asses 
between the rolls where it is suhjecti'd to a ])owt'rful griikliug li^tion 
produced both by the steel points and tlie ditVerential speed of 
the rolls. The machine frees itself automatically from all adlierent 
matter, which is not the cast* with Carr’s disinU'grator. It is 
particularly suitable for moist sticky superjdiosphates. 

^'j/lindrical ('rusher vith twa liolls fitted irith Teeth, 'fliis 
machine is used for the same )iurpose as the foregoing ; it is, moVe- 
ov(U’, used in making com])Ound manures* from su])('r))hosphat(i 
and sulphate of ammonia. The two rolls have a h'ugth of 500 
mm. (20 in.) by 500 mm.; the one tuiiis slowly, the otlu'r 
rapidly. The tetsth of one of tlu* rolls )>ass,into the interslic.es 
between those of the oilier, and thus exert a pow<‘iful ciuslMiig 
action on the material. It is lifted with a cover forming a bAjipf-r, 
and is combined witli an elevator and a shaking sie\('. These 
machines may be grouped in two ways, according to ^be nature 
of the su])erp}ios})hate. The crusher may b«‘ instalVd it.t a higher 
level than the sit^ve, or (5n tlu- lloor. In the lirst case the super- 
phosphate is fed into the r«*ceiv(‘i' of an eh.'vator which disiduirges 
it at a higher Icwel into the ho])])er of tlie cruslier. Tlie su])erphos- 
phate, 'ifter passing tlirough llu* jigger, falls on a sliaking si(‘ve, 
the fine material passes through the sieve and lulls into the discbargi* 
hopper, whilst the core iti the sieve returns to the eli'vatoi , wliiiih 
brings it back into the crusluT, and so on. 

In the^econd case, wliere the crusher is lixed on the IhVjr, the 
material is charged d’.rectly into tUu* crusher, Iroyi whence it lulls 
into th(.' cu}j of the elevator which spreads it over the sieve at a 
» higher le\^l. The I’outino of the operations is ^hsolut^dy the sunn*, 
as in the lirst case. Put this second method has drawbacks. 
The cups of the elevatoi’, in seizing the material, crush it and 
transform it into a sticky mass which resists sifthig and icturns, 
incessant! V, from the sieve into the crusjuu’ and linally cly>kes up 
the whole of the apparatus. This drawback disapjiears if the 
machines be grouped in tlie manner indicated in the lirst instance, 
which the sujierphosphate is elevated before being crushed : it 
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is thon ‘in consistent lumps which stand the action of the flips 
very well. The sieve itf^elf consists of a shaking frame actu;^ted 
by a to and fro motion imparted from each side by a pulley and 
•crank. The frame of the sieve is fitted in an iron frame, on which 
the driving pulley is mounted. The siove is wire woven, ft must 
be kept ]j(;rfectly ch^an so that the sujierphosphate passes through 
and does not niturn to the crusher or become sticky. If the 
sieve he, ohstruct(;d, the machine must he stopped and the sieve 
•cleaned. It is cleaned by heating and scraping with a broom, using 
sand if need he. A mechanical heater is often installed on the 
sieve, hut it can only he us(;d for cylindi'ical sieves. The lattei-, 
again, can ‘only lie. used for very dry superphosphates, because in 
spitf^of the mechanical lieating they become rapidly obstructed and 
•difficult to cl('an. 

If the supeu-phosphate is in a ])ulverulent condition, it is simply 
siftcid without being crushed ; only the core from the sieve then ‘ 
jiasses through th(‘ crushcu* at a low(;r levc.'l, from which it falls into 
thj! rec(iiver of tlu! (“levator, which spreads it again on the swm*. 
Th(j eI(!vatoi-, (;rush(“r, and sieve act simidtaneously. However, it 
is Ixitter to di ive tluj cihsh(5r independfuitly, oi“ by an electric motor, 
for in many (jas(?s th(‘, core on the sieve's is not bulky, and needs 
to he returned to the crush(U' oidy at rare intervals. It is hardly 
Ti(‘C(!SSiiry to say that th(“S(^ machines should he easy of access. 
Fi}^. hi r(^presc,nts a unit consisting of elevator, cruslu'r, and sieve.', 
luomtte'd on iron frame's. This unit, whem litted with rollers, may 
easily Ix' conveye'd from one'. de])ot to anothe'r as re([uir('d. Mani- 
pulation ^nd cost of e^onve'yanex', e'lfte'n he'avy, ’are thus avoide'd. 
An installatiel.i of tliis natin-ee only re'epiirys thre'e workmen. The' 
first fe'e'ds the' cu})s, the' se'cond looks afte'r the machine ami hags 
up, the third conveys the' su])e'r])hos])hat(* to the de[)Ot. In case of 
a hre'jik-down the* three' mutually assist e'ach othei’. It is to he 
note'd that dam[) weathe'r is had for grinding and siftiwg; the 
superphosphate; he*ing ve'rv deli(|uescent, it then adlu'res to the* 
machine*. 

of Sh prrphnsithatr. — Thee dissolving and 
crushing with the; machine'ry elescrihe'd above is about as economical 
as it can he*, it is <|uite othe'rwisf* with tlie; operations re'lating to 
^ the finishing of tlie* supe'r})hosphate. that is to say, those that 
inte'rveiu* between *“ dissolving ” and dispatch of the fimslie'd pro 
duct. Tlu'i e* are faetprie's whe're thi'se ope'rations cost douhlee wha 
is reepiired in a rational installation. fn the present conditicyr 
•of the* industry, it is necessary to su])plant as far as possible in 
efVe.'ctivc hand labour, wlyc'di is always costly, as much as possihk 
by mechanical nu'thods : a macliine can he stopped when desired 
whilst hand labour must lie kept on continually, otherwise it goes. 
The latter, therefore, must he reduceil to a minimum, the supei* 
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pho|phate finished with the least possible delay, without hiivin*; to 
stor^ it for any len‘j:th of time to render ;t saleable. In this elm in 
of reasoning, the attrition of mawufaeturers is drawn to the 
i?iachinery and processes presently to he described. 

Theoretical J-lcrieir of Tlie moisture of a siqa'iphos- 

phate is not alone due to a high water eontimt. but also to soiiu' 
extent to the presence of an a])]U’eciable ])roportion of free ]»hos- 
phoric acid in su])ersaturated su]H‘r])hos]>hates. Thus, wlieu a 
superphosphate contains 5 ])er ctait of orthophospliorie acid it may 
contain as much as lo jier mail of water, without lieing actually 
wet. According to Stocklassa, acid phosphati* ot lime heated to 
100° C. loses, in tmi hours, ISd per cent ol water; in twenty hours, 
2-46 per cent: in thirty hours, 5-21 ].er eimt : in forty houis, (ilfi 
])er cent: in fifty hours and u])wards. per cent constant. At 
2G0° C. phosphoric acid chaug<‘s slowly into ])yro}ihos})horic acid, 

2]l3lH), - Ib.O - H.lVb 


^Aloist siip(U')ihos])hate may b»‘ dried by i-vaporaling the wajer 
which it contains, either b\ absorbing a )>art of llie lice pliosphoric 
acid wliieh it contains bv addition ot inert niTilerial, such as calcined 
gy]isum (which combines chemically with the water), kieselgiihr, 
peat dust, sawdust, or in fact by combining a portion of the five 
phos])horic acid. From an industrial point tf view, we have to 
examine tiu' apjilication of lieat to diving, direct healmg, and Cold 
drying. The di ving machin<-, by direct heating, which is iisfd f(>r 
drying hones, may b(« used for the diving of ra.vv phosiihates, hut it 
is not suitable for supe:-]'hos])bate. It is, moreover, V‘>> iiyi>‘f^ 
and dangerous for thejiealthof the workimm ovvtig to the dis- 
engagement of the acid gases of the su].er]ihosphates. Ilesides, the 
material being ])ressed bv the workmen during shovelling, readily 
adheres to the plati's. wheie it undergoes a kind of combustion from 
which A retrogradation of as much as 4 jier cent may result. 
over, it is very diflicult to regulate the l.eal of a coal lire, vvhicli 
requires constant attention.. The princqial systems of drving m 

actual use are the following , r ■ , 

LaniiWrfs Dryer. 'Phc inventor gives the following deficiously 
laconic descrijition : The ap|)arat*is consists of a iuasonry cJiamlx'r 
divided into three coiiqiartments ; (1) A lumith of relracUuy^ 

material, in which there are mixed the hot gam^s from 4he gen.-rator 
hearth and the air propelleil by tl.e blowers (2) A chamber 
succeeding the preceding one, into which pass the mixture ol gas 
and hotair before entering the drying machine. (.{) A stove 
heated hv the heat radiated Irom tlie h<;arth, and m which the a))- 
paratus described lielow moves. Tlie dryer, projierly so-called, has 
the form of a highlv-elongated truncated cone and is arranged 
.horizontally on rollers; it is entrained liy means ot gearing in it 
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^jontinuous system of rotation. In the interior this apparatus is 
fitted with corners intended to raise the material in an utiin- 
terrupted manner and to project it into the hot current during i^s 
whole stay in the apparatus. At the extremity of the small diameter 
of the apparatus is a feed hopper, at the other end are apertures, 
th() object of which is to drop the dried material and allow the 
eHcay)e of hot air and steam during evaporation. 

Z hitnip/rrmnu s iJryimj Marhiyie. — Zimmerrnann’s drying 
machiiu; consists of an oven H metres (2() feet) high, heated by 
combustion gases. The hot air conies in contact with the materiiil 
on iron plates suspended by chains and fitted with a system for 
agitation. • An oven of this kind, occupying a space of oO square 
metr 4 *s (5dH sipiare feet), dries four wagons of superjihosphate 
in tw(‘nty-foui’ hours. The latUu* only i-eniains exjiosed two 
fninubis to tlui heat of a very bright coke lire; it then becomes 
heated to Hf)' 0. and los(;s 5 to ti jier cent of water. The motive 
])Ower r(!(|uired to shake the plates is three H.l\, and the coke 
buynt, in twenty-four hours, half a ton. Three men can worktwo 
ovens. Th(^ iion ])latt!S form a drawliack in not allowing the hot 
gases to pass, which tluis take the shortest path along th(^ sides of 
the oven. Lately the invimtor has i-eplaced them by sieves. Th(,‘ 
combustion gases and the acid gases pass into a dust chainbiM', where 
the latter is depositi^l, whilst the acid gases are purified in a con- 
(b'lfsing tow(‘r. The acid contained in tin; gas which is disengaged 
from \he dry(*r is chiefly hydrofluoric acid. This gas, as well as 
the* hydrofluosilicic acid, (‘xists dissolvt'd in tlu* wat(‘r contained in 
the super]fchosphate, and is ])artly re-formed when the substance is 
luAted, any f^ee sulphuric acid acting tiu'ii on tlu^ still unde- 
composed calcium fluoride. Tlu; hydrofluosilicic acid is decom- 
posed by heat into hydrofluoric acid and silicon fluoridi*. 

'riu! drying machine forming tlu* object of the (liuinan patent 
only differs from the above d(‘scribed oven in tlu* jfliange- 
ment of the interior and in the method of agitation. The shaking 
plates art*, in this case not suspiuidt'd. by chains, but rest on cross 
pii’ces and aii* moved by manuals. 

M<')l)rr and Pfeilfcr's Dn/inii Machine.- Abiller aruT Pfeiffer 
hav(* constructed 41 drum drying ntflchine in which they have striven 
^to avoid shocks and sudden motion, which are absolutely injurious 
to the structftn* of Uhe super])hos])hate. On the other ha^id, these 
makers secure energetiy drying and ventilation by using superheated 
air. The ap])aratus is based on this principle, that each material 
requires appro])riate treatment according to its nature. It consists 
of four la incipal jiarts, whiah are : (1) A heating system for heating 
dry air. (2) .\n exhauster for ventilating and absorbing combustion 
gases. (3) An arrangement for mixing air with the combustion 
gases and to receive the superphosphates. (4) The drum, properly* 



CRUSHING, SIFTING, KT(’., OF SUFEUI’HOSPHATK 127 

so-cj^lled. The woikin^^ is as follows : The superphosphate is fed 
froiji a cup elevator into a hopper throu|<h which it falls into th(‘ 
drying machine, where it is met hy a strong current of hot air. 
^Thich forces it into the rotating drum. The current of hot aii‘ is 
produced hy a powerful f;tn with a conical apertun' ; tlie jet of 
compressed air that issues from this apertun* diives an (*jector 
which ahsorl)s the comhiistiou gases. The air and tin* gas are 
mixed in varying projiortions at tin* will of the O])erator, wlio can 
thus obtain whatever initial tem])eratu!t‘ mav he desired. This 
temperature may l)e somewhat high without then* hi'ingauy reason 
to fear retrogradation in the su])erphos])hate treati'd, for tin* dr\iug 
of the latter l)eing so eiu'rgetic the it'mpcrature of the gaA is loweied 
considerably. Owing to the rotation of tin* drum and its slxping 
position the su})erphosphat(‘ circulat»‘s to the ojipositi* ('xln-mity 
and is reduced to small fragments, eonseipuMilly tlie interim* of th(‘ 
granules is laid hare and submitted in its turn to the action of the 



hot gases. .\t the end of the drum the sujx-rpiiosphalf tails into a 
“ den,” from which it is lalo*n to he stored. The hot air which 
issues fiom tin* drum is not satutated with moisture : it. is tlx'rcfore 
in grear part ahsorhed hy the exhauster, mixed again with eomhus- 
tion gases, which bring it to tin* drsiinl ti‘m))crature. and afterwards 
it is again sent in to the liryjug macliine, to eariy on the work ol 
desiccation. In this way tie* gases having ahvinly served, a.nd still 
at Ho (', (Tg.vf.) ai(* again utiii:o*d, only the small ipiantity ie(|uii(*d 
for ]M*oper combustion being alloT^ed to escape itito the ait so that 
fresh mav come in ; the loss of lu*at is therefore shglit. Howiwer. / 
this circuTation cannot he indefinite, it is limit'll, naturally, by the 
final saturtition of the escaping gases. It is ‘hen necessiiry to start 
oiice more with completely renovated air so as to ,s(*cure regularity 
in the drviiig. d^'his drvirig machine is one of the best, and has 
numerous ap])li cat ions. 

Hcifmann and XifHrlL>i Prm r.sH for Dri^iwi Stijif'rjdiospknte:^.-- 
Heyrnann and Nitsch endeavour to utilize the heat produced by the 
feaction of fresh superphos])hate to vajiorizc tin? water brought to 
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the surface of the lumps by crushin*^. They manaf^e in this way to 
conduct dryinf^ and crushing simultaneously. The superphosplfate^ 
at a temperature of 90' C., is^har^ed into slightly inclined rotary 
drums, the angle of inclination of which may he regulated at wilV. 
It is th(‘re crushed and sifted. The fine flour falls from the drum 
into a pit, and when it is cooled it has acquii-ed the n(*cessary degree 
of dryness. l>ut this condition, being incapable of realization in 
the manne.)' indicated, th(i inventors remedy it by injecting a 
curnmt of hot air to m(;et the superphosphate as it falls fiom the 
rnachirui into the pit. This proc(;ss does not appear to have been 
adopted in ])i'actice. 



F, Sieve, (t, l''ine superpliosphate, Jl, Coro. * 

Dr. Ijorrnz' Dnnu'ss — (Dr. Lutjens’ successor). — Dr. Lutjens 
has eruleavoured to accelerutt; all the stage‘S of superphos])hate 
manufacture, tlu; obj(‘ct Ireing to hu'minate the wholr* series of 
opei-ations in tw^mty-foui’ hours«so that the pi-oduct may at the 
end of that time bt^ wai-ehoused or dispatched. The process which 
he uses is k5])t se(iret, and Dr. Lutjens has refused tQ give the 
author any information. Although his process more particularly 
interests (lerman manufacturers, who are obliged to make high 
strength superpfiosphates, valued according to their content *of 
phosphtric acid solulrle in water, the author thinks it his duty to 
give the description for the edification of his readers. The super- 
phosphate, whilst at 100 (k (212' F.) in the “ den,” is taken by a 
conveyer on to a plaiform, under which a scraping machine works^ 
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ami run into tlu‘ top ]>:irt of iho latter, ilirou;;li a hop})f-r. The 
scraping machine, ami its a]»plication. are tiie ohjei-t el (lei niaii 
jiatents 95,7o(> and 9l),04h. th(‘ authgr’s translation of \\lnel> from 
Uiie original German follow, the translations at the eml of the hrn ct 
being almost unint(‘lligihlt‘. 

(iiffiuni l\i trill Ac. 9').7o() c/' 1(J .l/nn //, 1S97. Ihltrrrrd tr tlir 
('Jinn. Fabnl: AL'tirn ( h srllsrimt f lUrni (\ul Srluuiitl ('c., Ilrrsuiti. 
— The ohji'ct of the !\ew ])rocess is to divide superphosphates so as 
to facilitate lluhr distrihution in the soil, for. in the state of lumps, 
they only giv(‘ uj) their ])hosplu)rn- acid slo\vl\ and <lil'lieiiltly. 
F>esid(‘s, the tine division ol a super))hosphate is indispensahh' 
from the })oint of vimv of tin actual manner of distrihuting manures 
hy the manure drill, which greatly facilitates the wnuk ij' the 
farmer. The superjiliosphate. such as it conn's fiom the mixing 
"den,” contains ahoul Id per i-enl of water, and in that condition 
it is V(‘ry sensiti\c to shocks ainl crushing, so nnu'li so. ihaf the 
pl0r(‘sses usc'd to pulveri/.e it U]) to now Ikinc been louinl ilii- 
Sifiiahle. d4ie new ])rocess is liased on this observation, tjiat, 
hot solid su))ei])huspliate in the state in which it exists in tin' 
mixing " den, ’ })oss('ss»‘s a pretpertv whiclT has not been hitheito 
recognized, that of being (capable of being cut into ver\ line slices 
which, (.'Xjiosed t(j the air. break u)) and fall to powder. 'Plie 
jtrocess of which the present paU'lit is t In* .•)hje<'t . consists pre- 
^•i^.el^ in cutting the mass in the condition in wliich it conies IVom 
the mixing "den” into 'ory tine slices. Fracticall\ this done 
:is follows; the sujierphosphate is tun into a drum in which 
knives are i e\ (.)U cd in v( w rapid motion, cutting the sup'*| p'hosphate 
so as to di\ ide it witlioiit crushing it. 'Phe thin •lice s ari' tfieu 
ri.'duced to a line powder, the tenuity of which laciiitates tin* 
ex])ulsiun of the moisture conlaiin*d therein. 'Pin* pioducl thus 
obtained can be very easily and uniformly distributed. 

(Iry-tmin I'litriil ,\e, tlii.Olb e/ lb Miirrh, iSfl?. .Addition to 
])atent 9d,7db of lb March bSl>7, deli\ered I'.l Maicli, I.S97, 
maximal duration. Id Marcji, l!fl‘d. 'Pin* ])rocess ol which this 
pati*nt is the subject, i^ a modilication ol a ])ioc(*ss claimed in tluj 
child patiint, above-mentioned, the objeid of whic.h is to cut up 
fresh su])er])hos])ha.te in a rotaw lirmn arm(*d 4\ith knives. I ]> 
to now tin* sipierphosphate from tin* "den” was stored, and a^ 
soon as i4 was cold and dry it was jiulveri/e^l in a ^'rusher. As 
it comes from the " den ” the sujierjdiosjih^ite is hot and s(dt, on 
cooling it becomes consistent. If has been n*inarked that only 
the super])hos])hate which comes from the den ili luinjis becom(*H 
consiBt(*ut, w hilst the portions that are ip a ))ulverulenL sta4e do ikA 
agghitinate but remain in tin* condilimi oi ])oW(ler in spite ol the 
pressure of the mass and the liigh tenpieratuie. Ibis (jhser\’ation 
4ias sugge' ted tin* idea that sui)eri>hos]»hate could be reduceil to a 
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dry and pulvoriilent condition as soon as it comes from the mixing 
“ den The crushing ]xrocesses used hitherto, such as passage 
through a ('arr’s disintegrator, cannot he ap})li(;d to fresh super- 
phosphate Ixecause they would remder it sticky. The jxresent 
invention (uiahli^s the desired state of division to Ixe imparted to 
Bij])erphospliat(! immediately it comes from the mixing “den” 
without grinding or crushing it. The juocess employed for the 
purj)os(! is [)ase.d on this fact, tliat if supei'phosphate is cut into 
veuy fine slic(;s in its original condition it is inimediatedy conv('rt(*d 
into a firux powd(‘r. Tlie superphospliate is ti-ansferied by a 
conveycn- into a hojxjMU* which feeds it into a dium armed with 
knives. This drum consists of a j)osterior disc and an anterior 
ling. Ik^twecm thi^ disc and the ring theic; art; arranged tangentially 
.lit fixed distances steel blade^s o)‘ knives, covming the opcndngs for 
the exit of th(‘ finished sup<n phos])hat(‘. Sixteen hladc'S of this 
kind })ass in front of flu? hojxper apertuic, at a speed of d()f) levolu- 
tions a ndnute, conse<juently ther(! are 4H()() impacts p(n' minute. 
Tfie sli(;es so produ(;t‘d aj<! veiy fiju‘and do not set on accumulatitTg. 
Tlie di'uni is driven from a shaft by means of a ])ull(n'. On flu? 
}iop])(‘r side and hetu'ath it are wrought-ii-on ])lates. on which the 
finished su])('r])hosphate, issuing fioni tin* di-um, falls ; from these 
platc's it dr()))s into trucks. 'Tlu* working of tlu? installation is as 
loll()\\s : d’he drum is driv('n by a ])ulle\ and i(‘volv('s at great 
.sp(M'd., Th(? speed, winch is thus transmitteai to the kidves, is 
caicidat(‘d so as to exc(*ed the ra,]>idity of t lu‘ fall of tlie su))».‘r])hos- 
pliat(‘ into the feed hopper. In that way, all tin? su])(‘i*phospfiate 
is forced t*o pass between (he kniv(‘S, and the uncut lunpis art? 
prt'venlt'd froni pa,ssing through tlu' aperUirt's and falling into tlu' 
truck, 'rhe spac.t's betwt'cn tin* knives art' regulatt'd according 
to the speetl of tht' peri]»ht‘ry of tlu' drum anti rt‘ci])rocally. It 
follows that the knives sucta't'tl t'ach otht'r in their action, jxent'trate 
into the matt'iial and forc.e their way throngli successivt' layers. 
Very thin slices art' thus obtained which fail to ])owd('r. This 
division is still furtlu'i’ favoured by the >peed of lotation of tht' tlriim, 
which pituluces a strong current of air, thus acting on the suhstanct' 
and ])i-oducing a cyclonic motion in tht' parts dt'tachetl by the 
ktnves. The piMvi'iizt'd matt'nal falls from tlu? plates into a 
v'fauck. Tht' curi-ent of air produced by the rotation of tht* drum 
im})arts an impt'tus'to the })hos])hatt' ])owdi'r ilt'tacUt'd b\’ scra})ing. 
'riu' wrought-iron plaU's also serve to brt'ak this current of air in 
its tangential course, so that the ])owdt'r only falls into the trucks 
at the sj,)et'd it would fall by its own wei.ght. An abru])t fall of the 
material is thus avoided. Einally, the cinrent of air jxroduced 
in tlu* di um frt'es the superphosphate from gast's which have an 
.ofTensive otlour, and expels tht*m. 

Dr. liiitjt'iis afterwaids modified his piocesses, first, in coin- 
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biniii^' 'vith the sciupin^^ miichiiu*. afterwiinls in cooling the 

dri«d superphosphate. The process thu^ modified realizes to the 
^tter the problem enunciated above.* to produce a superphosphate 
ready for dispatch in twenty-lour hours. For this purpost' tlu; 
superphosphate, cut into very line slices, tails into an up])tM‘ drying 
trough, where it is ex]>osed on all sides to tlie action of hot air; 
this completely traverses tin* mass, lu'ats it and rendt'rs it friable. 
From the u}iper trough tlu' su]H*rphosphat(‘ falls into a s(>{‘oiui 
trough placed beneath, where drying is com])IetetI In a currtmt 
of cold air undei' pressure, which lowers th<‘ lempeiature li) ‘20’ C. 
The super])hos))hate is tlum sifti'd ; it (piils tlui sieve in a, vtuy line 
State, ready to he dis])atched. Tlu' cold air tieatnient iu)t onlv 
prevents the substance fi'om aggregating into lum))s, hut a*i the 
same time prevents retrogradation, as will he seen later, 'fhe plant, 
it is claimed, dries 10 tons of sup(‘rphosphal(“ )H'r hour and laMpiires 
few ri'paii’s. Fuel is fully utiliztsl, since In huming ordinai N coke 
oi^v 1 cwt. ])er -0 tons of su))erphosphal(' is i-ecjuired to |■«*ln{)Vt‘ 

0 j)er cent of moisture. • 

It is right to add that to work regulai l\ , this machine rt'(jiiiies 
to 1)(^ manned l)y workmen familiar with this class of woik ; it 
increases the out})ut of the factoiy, and superph()s])hate caii he 
dispatched fi'om tlu* hea}), 'riu* cooling of the sijjxa ))hos|iliate was 
the object of the German ))atenL No. 112,lol of 11 .\pril, iSOy, of 
^vhich the following is the translation, 'riie. pro(;('sscs einplo'#ed up 
to the ]ji‘esent tor drying su])erphosphates have the diawhaek of 
Itsiving these products at a high temperature, so that it lun on to a 
hea]) they cool hnt slowly. Now, heat is very injurioys to the su)»«‘r- 
pliOsj)hat(; in the h«‘a]), :»nd it then acapiires a gicat tendency to form 
ltim])S. Fndei' the ])r(‘Ssure to which it is sid)je(;ted by its (n\ ii 
W(‘ight, it l)(‘coni(‘S compressed mor<; strongly the longer the 
war('housing is ])rolonged and it is then necessary to pulvi-ri/.e 
it once moi'e. before (lis})atching it. To this drawback a gra\ crone is 
added sinct? stored sii))erphos])}iate has a great teiuhaiey to )’et* 
rograd*.*, the phosphoric aei<t rendfjcd soluble tluai returning t() 
th(' ijisolid)le condition, because heat favours i'eli'ogiadatif)n and 
the dried ^i])(‘r|)hos)jhates prose^e their heat wdien in tall leaps, 
and only cool slowly. The ohjoct of the p)-(‘S(‘nt invention is to 
avoid retrogradation of the soluble phosplK)ric acid su])e}'plios* 
})}uites wiich have to he store<l. For this purjjosc; the heat is 
removed from the dried, hot, pul verized •superphos])hat<! by a 
cifrrent of cold aij’. The conveyance of the sujjf;r])hos]>hate. tlius 
finished, to the store, is done iti tilting trucks or by jerial c(^n\ eyer. 
This latter system is the best and the most economical in the 
manufacture of su})erphos])hates, where it is indis])ensah]e to utilize 
^^s much as possible the covere<l space to ston; tfie goods. This is 

what a manufacturer who ases the Lutjeus process says : “ I 

• • 



135 


CHEMICAL MANURES 


could not he l)etter siitislied with the sci'aping machine. ,The 
superphosphate ohtained Iw this process isexcuiedingly line, free fuoin 
lumps, and so diy that it ma*y he dis])atched a few days after it 
is cooled. It resjjonds to all exigencies. Before dispatching it i 
))ass it through a siev^e of h mm. (a quarter inch sieve), and 1 get 
no core. Tlie scraping machine enal)les super])hosphates, of a 
quality hitherto unknown, to he made cheaply.” Dr. Kiemann, an 
ex})ert in superphosphate manufacture, says : “ We have only 

0-5 to 0-7 per cent of insoluhh* I’./Jr, in Florida su]>er))hos])hate. 
As a getieral rule we obtain an increase in the phosphate rendeied 
soluble, and we have not ohservaal retrogradation in llorida 
su])erphos]Aiate (;v(jn after seve»-al months’ storage.” 

S'iijieyj>h<>s‘ph(Lt(‘s . — ('rispo draws atUmtion to the 
chang(;s which occur in overheated su])eiq)hosphates. Alter a 
certiiin t(mq)erature ortho])hos])horic acid is changed into meta- 
phosphoric acid. Fx])eiinu‘nts on this ])oint have shown that 
(jrthophosphoric acid, luiated to iOo" during three hours, is con- 
ve.i<ed into metaphos})horic acid to the extent of 10 per cent, wltflst 
if heated to 200 (I it is convt‘rt(‘d to the extent of 90 per cent, h'y 
IIh' loss of a certain amount of combined water. If the soluble 
]jhos])hoiic acid by the citrate method he determined in o^■e]- 
heated supei'])hosphates, it is to he observed that metaphos])hoi'ic 
is n^ot pi'ecipitated liy magiu'sia mixtuny and that only the ortho- 
phosphoric acid is found in the ])reci])itate. If the d(‘tei’minaiion 
l)e math' by the molyhdatt' of ammonia mt.'thod, the sum total of 
the two ])hosphat(‘S is found, tht' nitric acid bringing the meta hack 
int/) tlu' o»‘iho form. ( ’rispo considt'rs metaphosphoric acid of less 
valiu' thiin tlu* ortho. However, experiments math' in (It'rmany 
have shown that unth'r the first of these two forms ])hosphoric acid 
has given good i-esults. Fx])eriments at tlu^ Agronomical Station of 
Gomhlouse, by (Iregoire and Ilt'iulrich, have shown : — 

1. That the alterations undt'rgoru' by the dried supeiqihosphate 
in no way diminish the fertilizing valut' of that product. 

2. That desiccation at a tenqa'iatwre of 1(35'^ (’. has appreciably 
increas^'d the activity of the phosphoric acid. 

3. 'rhat the meta])hosphate and the ])yrophosphate f-f lime re- 
spectively, tlu' |ft‘oducts of dehValrating mono and hicalcic phos- 

»'.phat(‘s. are w'ithout fertilizing value. In pot culture expei iments 
in the Lieg('*’lahoralfOry, each of the })Ots containing 4 kilds (8’8 Ih.) 
of soil, Ligouro oats gave, on an average, according to the phos- 
phates used : . 
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"r.VBLE XLir.— RESrLTS OF EXPERIMENTS WITH ORImVmIY SUPER 
•phosphate and SUPERI'HOSITIATE DRIED AT DIFFERENl' 
•TEMPERATURES ON LIGOUlU) OATS.. 
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These results ^how that supt‘r]>husi)haU‘ dried at lliil ('. and 
sli,L,duly calcined, jirodiicc tlie same ettects as orduiary sujier- 
phospliates. On tlu' ollu'r liand, the action of (‘omimucial^ineta- 
phos])hate is com})aratively feeble in the sandy clay expeiiments. 
In an ex])eriintMU on sandy stdl llie diii'd and calcined supenphos- 
))hate had a less effect than sujierjiliosjihate simplv dried at HT'' 

('. (:J2n' F.). 

ih'/y/'/e/ .S'///»r/ 7 )//e,sp//(//i’.s in (hr Ccld.- (’old dryin}^' processes 
consist essentiallv in niixin;^ with tlie sujieiphosphale. iliy suh- 
^tanct's inteiah'd to combine witli a portiofi of its phosphoric acid. 
Rumpler advisi^s the use of lione lilack and de^telatini/e<l hones. 
These substances posse ss a ttreat ahsorlieiil ]»ower and ma\ he iisi-d 
with succ'‘ss f(')r tin* diyin.it of hit^di st)-ent;tli sU))er)ihos])i)alcs. .\s 
le'^ards the use of hone dust, 1 oi‘ more per cent iiiay he add<*d to 
the su])er))hosphate, acrvndin^ to its jiercenta^e ol free aciiF. ddie 
hone dust shouKl jiass throu;^di a 70 mesli sieve. 'The phos- 
])li'ite taken from the ” d n ’ is spi'ead out, the hone dn 4 >t sprinkle<i 
o\'ei' it, the mass luiau-d over and )iassed thiou^h an inc.lfned 
screiMi. .\ttei- twenty-four hours the hone dust is almost all in- 
corporated, and th(‘ su}»er])hos)»iiate is ready to he dispatched. It 
is clear, however, that this work, done hy hand, can only partially 
attain the ohjiaR in view. Dr, Klippert lias the meiit of ajiplyine 
this ]))inci))le, usine an im[)roved e<pii]»ment, the construction ol 
whi(-'li is ke])t secret. 

l)ri/in<i of (hr. Sn}vri)li"\i>ltiitr hji hnsfiit'j and Muin/i in (hr 
(iforqr^ ^riisiirr-Siftn-- -\\\ I’rance an analoeous pj-oeess to that 
just descriheil is adopted. 'I'hi^ process eonsi'^s in mixine per 
cent of raw (iafsa su])ei jihosphate, well dried, and in tlie condition 
of tim* jibwiler. For this jiurpose the siipei;phospl^ite lioni the, 
‘‘den " is sjiread hy an aerial conveyer on a platlorm (I'io. .‘Mj ; 
a, workman dusts the jirodiict with (lalsa suyerphosjihati* and 
charges it into the griialin;^ sitter shown in tlie figuic. In this 
machine a shaft witli blades driven at a suitable sjieeij irituiates 
the mass and mixes it intimately, whilst tlie sieve moves it in a 
contrarv diiection. The tine material tails trom the si»‘Ve into the 
^lin of an aerial convi'yei- wliich conveys it to tie* warehouse. 
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it remains until the time tor delivery. Before lu'in^^ dis- 
patched the superphosphatt* is crushed and siftt‘d through tlu' 
Cos*ler crusher. \\ hen tlie suporpljospfiate is suitahly jiifpiued, 
treatment indicated sutlices to ol)tain it drv. A ^neat numher 
of factories have installed, this process, which enahh's tlu'iu to 
dispense with a drying" machine. It is necessary to add that 
it is only applicable to superphosphate's for home' consumption, 
as superphosphates intended for e'xportation. especially those' tor 
the East, ou^ht to he dried arliticially in the' elrvimj machine'. In 
the faitjt'ns ])i-oce'ss 1 pen* ce*nt of ele*f;elalini/eel hones or AlL^e'rian 
])hos|)hate' is also addt'd so as to elry the' prealuct anel a\()id tlie 
formation of lumps. The' choice* he'twe-e'n hone dust aud Alj.a'i ian 
])hos])hate'. as the* drier to he aelele*el to the* superphos})hate. dinee'nds 
on circumstanecs. If the* su])erphe)s])hate' is te> he elispateheel in a 
week or the'reahouts, one* remains satistie'el w ith 1 pe'rcent of Al'^e'i ian 
]jhosphate'. On the* otlu'r hand, if it should ne)t re'epiiie* to he' ilis- 
patche'd before* a month or six we'cks, O'o of hone* dust and O'O pe'r 
ce nt of Al^^erian ])he)sphate is adde*d. Whe'n the* phosphate has to 
he ke*])t lonj^^'r, I ])er cent e)f hone dust ale>n<* is ailele'd. T'he reason 
for this nie'thod of proe*»‘dure is, that tiie aehlition of tlie ]>hos)»hate* 
le'iuls to hai'deii the su])e*r])hosphat<* in the* he*ap se) that it has to 
he3 sci'e'e*ned a^^ain hefoi'e* disjiatch, e)r evt'ii jiasse'd throu'.^h ( 'arr's 
disinte'i^i’ator. 'fhe ne*w ine-thoels of Lutjens for the* working' of 
su]H‘rphos])hates jn'ese'iit re*al advanta; 4 e‘s. But sue-li installahons 
heinj^ somewhat ceistly, they are einlv used wlu're hi}i;h slle'ii^^lh 
su])erphosphates are ri'ipiin'd or when |)ulvei iilent prodn<-ts e'-ajiahli^ 
of l)ein ;4 spread by the <!r'Il are re-ejuire'd. It is ne'e'essjy y, in that 
case*, that, the* supe-rpheisphate* should e-ontain an •nipoitant jhe)- 
])Ortion eef fre'e* phe>s|)ru)ric ae*iel inte*nele‘d to elissolve* the* raw 
])hos])liate* aeide el as nie'ntione*d ahove*. .\ l’'loiida. siipe-rphosphate'! 
of is ])e‘r ce*nt, foi’ e-xamph*. shoulel not e*e)ntain more than ■\ to 0 
per ee*nt of fie‘e ]»hosphorie aciel if it is neet ele*sire‘d to aeiel raw 
])hos))hate* suhseepie*ntlv ; if. on the* other hand, I pe‘r cent o( 
Al;^n*rian phosjehate* he* aelde‘el^t he'ri'lo. the* fi e*e* ae*iel may he* incre*ase'il 
to 7 to S ])(*r cent, (•ertain forei^ni e;ountiie*s stipulate* lor snper- 
])hos])liat.%^ of V(*i y hi^di stre'iij/th. 'I’hus Scaiielinavia, sti)inrate*s lor 
20 ])e*r ce*nt, which is nonse*nse*, |)re)ducts of tl^s kind are* ie*ally 
re'latively ele*are*r than loto IS pe'r e:e*nt, which are curre'iit type's. ^ 
Slorinf} (Prrsen'iil ttni) <>1 Snjfnftlinspltdlr j!cl riKjPdddl idu (//r- 
(inclddi) (if Pldisjiliaru' Acid. Su])e*iphe)sphi^te* ke*e‘jjs we*ll fre)m one; 
syason to another when the; jehosphate* from whie;h it was made 
does not contain more* than 2 )»e*r cf*nt e)f the* se*s(juioxieles ol iron 
and alumina, hut it is not so if ke*))t loi\;fer. The; ])hos])fe#ri(; aciel 
of the su])er])hos])hate* ceimmences to re*tro^raele* (“ re*(lne;e* ’ ) it the* 
raw pho^jihate was not ])ure*. Retro^radation se*tH in much se)oner 
<if the raw’ phosphate contained moretlian 2 ])e*r ce*nt of se*sejuioxid(.‘S, 
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oi‘ if mistakes have beerj made in its manufacture. Retro^radiition 
(“reduction”) occurs uoder the influence of different cai^ses, 
physical and chfunical. The* heat and pressure of the superphos- 
phate lieaj) a])])ear to l)e thr^ dir-ect jjredetei'minating caused. 
Stored sij))er])hos[)hat(i foi-ms, first of* all, ])acked layers. The 
granid(;s of which it consists hav<) ordy a slight su])erficial contact, 
hut as the thickness of th(5 layer increases th(; suhstance hecomes 
com]jr(‘ssed in vii’tiu; of its own weight, afterwards in virtue of the 
le-n^th of contact, so that finally the paidicles hecomes cemented 
tog(ith«i)- to foi in a ver y com])act mass. Thei’c is thus established 
hetw(;en each an exchange of chemical energy which leads to 
decomposition. Ex])(‘rience shows that these changes ai’e more 
rapidein moist hot su])er})hosphate than in dried cooled superphos- 
phate. Tint crystallization of the sulphate of lime, unfinished in 
sup(‘rphosphate, stored hastily, is com])l(;ted in the sujrerjrhosphate 
hea]). The. supmphosjrhatri of lime, combining with the sulphates 
of tile s(^s(prioxidt!S, forms rnoi'e sulphate of linu;; free syrupy phos- 
])h(?r'ic acid acts on the silicates, t;tc. Now, all th(*S(} ix'actions givfj 
placi; to a disengagement of h(>at, conserpumtly the matter expands 
and tt'nsion is ])roduc(3d. Each of these nnictions occur at a fixed 
tempmature, which it is impossible to gauge directly owing to the 
isolating influence of the sulphate of lime. Einally, agglutination 
is still fui'thm' induced by the i-arefaction of the air between the 
grarnih^s cooled in the h(!a[). For a dilTei'enci' of 10' ('. (LS E.) ihe 
difleiiuice. is d'b per cent. It has Ikmmi observed that tlu' ]>hos- 
phoi’ic acid of the su[)ei phos])ha.t(' does not commence to retrograde 
(“ r*<'duc(! until the moment whmi tlu' particles a, gglutinatis, i.e. 
when it is subjecti'd to a crn-tain ])ressure. Jt is, th(‘r<'for(', ])ressure 
which causi's retrogr-adation by desti'oving the fi-iable compounds 
of the superphosphatie Tin; ])art played by tem])er'atm(' has also 
been deti'rmined by direct expra-inumts. Tlu'se show that it may 
I'ise to 100 C. without injuring pulveruhmt friable suja'rphosphati', 
and up to 50' (I. for agglutinateil su])(M])hos])hates highei’ tc'inpi'ra- 
turc's arc; only injurious under- ]>r-essU''-e. Smetham, in examining 
the inlh,'(mc('of tin* oxidi's of iron and alumina on th(> retrogradation 
of ])hos])hat{'s, noted an essential dilfei-encr' in the aclffon of the 
two oxides, which had ht'en ohshrved for a long time in actual 
practice. Whilst 1 ])ait of oxide of iron will causi' nearly 2 parts 
of phosphatt'^bf linu* to rr'trogr adt', tlu' oxide of alumina ‘‘can only 
retrograde its own weight of phosjrhate (theoretically it retro- 
grades nearly d ^irnes its own weight). In Florida })hos])hate, 
Pebbles and River ])hosj)hat(*, alumina forms the greater' jiart 
of the !^eS(piioxid<‘s ])i-esent, hut tlu‘ ratio of the alumina to 
the iron is, on an avtM-ag«‘. 1 to O’l. .\ccor-ding to the same 
authority, iron forms two insoluble compounds, the mono-di- 
fei'i'i phos[)hate and the di-ti i-fer ri phosphate ; alumina only' 
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forms one compound. Tin* free ortho ])hosphoric iicid would 
apj\i‘ar to l)e rendered insolidde in the #>oil more rapidly h\ iron 
and alumina compounds than monomlcic phosjihate, as previously 
(feiermined by Gerlacli ; the latter also remarks that phos]>horie 
acid, combined with oxide lof iron and alumina, does not dissolvi' 
in carbonic acid watei-, contrary to what occurs wlu ii tiu' acid 
is combined with lime or mai,mesia. Phosjthalt's of iron and 
alumina are only very sli^duly soluliK* in the solutions of oii^anic 
acids : ])hosphate of iron hein^ almost insoluhh* therein. As tlu* 
moisture in the soil is not more acid than this artilicial solution, 
it may ceilainly he taken for granted that the phosjihates ol 
th(' sesipiioxides nunain insoluble in tlu' soil. WTien reti-o- 
gradation commences nothing can stop it; it ])ursu(‘s a vtuy^ajud 
course, «wen when the cohesion of the material is hioken. as 
is thc‘ case when orders are being disjiatclu'd. When supei jihos- 
phatc-sof this kind arrive at their destination they sonu'times \ ield, 
on analysis, ditl'erent results from those obtained wheti dispatched, 
hut the sam])le then riMaiiu'd yields identical lesults, which shmvs 
that the su]ier])hos])hat(' rt'tiogiades even in sample bottles. 
Although retrogradation cannot he sto))]M'd, nor tlu* chi'mical action 
which dettuanines it, om* can in a way ]U('V('nt it in a had supi'r- 
phos])hate. To do this it is sullicient to dry it as coni])letel\ as 
possible, stoi-e it cold, shorten the storage, or jireservc the sujjer- 
phos]that(.‘ in a thin laser in the beginning hs s))reading it oya all 
the available spac*-, ('xtractiug the lumps by silling, o)’ using it to 
]irepare su])er])hos])hate of ammonia (tin* snljihate ot ammonia 
may hindei- I'etrogradatimij or low strength siiperphospltates. [^y 
mixing 10 per cent of w«od sawdust ol had ipiality stilli an IS per 
cent h„() su))erphosphate sshich had re'l i ogradeil j d per cent, it 
was ohser\ed that the phosjihoric acid did not ii'trogi'ade Imther 
111 the low strength manuie thus prepar<‘d. In this case the 
amount of liipiid contained in the su))ei phosphate 1 1,1*0, -)- ll,,() 
lost 40 ])er cent of its moliililN iti conseipience of this dilut ion. On 
the other liand, tla* su])er))ho'*j)hate was jelii'ved li'oin its pressure, 
the latter being sjiread over all tlie ballast. It is clear tluit this 
remedy ha?^ limits hut it gives g'lod results. 

I'ni'cstiLlliui/ Hrl rminuidt idii. urlil' s To a,scertain 

if a superphosphate is liable to letrograde, and at what moment iw 
wjll retroj.p’ade, are points which it is important lor the manuie 
manufacturer to determine. Se.huclit has us^-d lor years a method 
wWich gives results agreeing substantially with lactiv It is generally 
very dillicult to get access to the lowin' layers ol a sujierpliosphate 
hea]). It is, tlierefoias inijiossihle to airal\se* them, and Jlnothin' 
means of control must he lound. This means is sipiplied by the 
retrogradation indicator about to he di'sci ihed. The ajiparatus con- 
sfsts of a graduated lever a (kig. do), on which is a movable runnel 
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of 15 kg. (33 lb.). This lever is movable upon a point of support 
h, fixed on a fork r. A very strong flat-bottomed porcelain vessel e 
is used to receive the su}>erphpspbate, which is compressed by means 
of the ping / fixed on the lever. The operation is conducted #-s 
follows: lf)0 grms. of superphosphate, are run into the porcelain 
dish with ‘25 grrns. of hot water, and the mixture crushed with the 
pestl(5 ; the exc(;ss of wat(ir is expelled on the water hath and the 
vessfd is ])Ut undei- the press plug, which compresses the contents 
of the dish. The a])paratus is ke})t under pr(*ssure for twenty-four 
hours at a hunperatuni of 50 to 70 (\ (122‘" to 158 E.), water 
soluble phosphoric acid and fr(‘e phosphoric acid are estimated in 
the suptup^iosphate, treated as above, after having already made the 
sarn^ estimations in the original superphosphate. Ey comparing 
tlie r(!sults of thci two analyses a valuation of tlie sup(U})hos])hate- 
can he mad(;. The difhjrences (existing between manufacturing. 



localities and in stoiing iti no way influence the accuracy of the* 
method. If th(^ exact temptnature an<l ])ressure he found, tliev re- 
main tlu^ sauH? in all cases so long as the raw mateiial is not 
changi'd. This method is far from solving the (piestion of l eti ograda- 
tion, hut it is interesting, hecaus(‘ an idea can he gained trom it of 
the relrogradation of a given phosphaUe Dr. Cliuela^;’ giv(‘s the 
results of ('xperij'K'nts which he has made with Schucht’s apparatus,, 
of which the following is a brief summary ; — 

1. Idcirida pljosphate, 35 per cent and 2-524. of s(‘s(jui- 

oxides, when rendered soluble gave 18-7 per cent E.,0 , soluble 
in water, and 1-21 of insoluble 1\.0-,. Treated after Schucht’s 
method, un(l(*r a* pressure of four atmospheres and at a tempera- 
ture of.dO’ U. (104’ F.) (tlie apparatus lieing home-made could not 
do better), it contained 18-2 per cent of ILO-, soluble in water, and 
1-76 of insoluhh^ F/I.,- A second Florida phosphate, with 35-9(> 
per cent P.,0;, and 2-38 per cent sesijuioxides gave immediately 
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after^being rendered soluble. IH'B \m- cent P.0,, and 0-81 insohibU-. 
After Schucht’s treatment it yielded Urb? per cent soluble P.O. , 
and 2'62 per cent insoluble, which shoj^vs tire etliciency of Scliuelu’s 
aj^aratus, that is to say, that the particles of phosphat(*. iutijuately 
mixed and pressed hot, sliow an accentuated tendency to i(>li o- 
grade. 

2. A comparison was made with a superphos])liate stored hot in 
a large heap. A Florida phosphatt‘ with do S p('r ciuit PJ > ,• 

2‘()d per cent of sesquioxide, was in us(‘. This })iiosphat<‘. i(‘sti‘d 
immediately after being “ dissolvial,” gave IS -IO per ceiil P.O,, 
soluble and IT per cent insoluble. With Schucht’s method it gave 
17'25 per cent soluble P.,0-,, and 2'()() j)er cent insoUl^le. 'riui 
stored heap showed at the end of a year ]7’2H ]>er cent and 
P9(i per cfuit insolul)l(\ Cons(‘quently tin; stored phosphate con- 
lirms the accuracy of Schucht’s nu^tluKl. Half way down the hea]) 
Hr I'eti’ogradation of only 0'21 ]H‘r cent occui red and no reti'ograda- 
lion had taken ))lace in the up])er ))ortion. 

d. Anotlu'r ex))erimeut was made with a hdorida ])hosphah', 
with 35'49 ])<*)■ cent P.Onind 2 20 ])erc(‘nt of ses(piio\i<les. \\ Ikmj 
“ dissoh’ed ” it gave hS-9S jxm- cent of solul)H‘ IhH-,. and d’ho pei‘ 
C“nt of insolu))l(‘. Scliucht’s method was ap)»hed in thiee ways, 
using a Schucht's instinmeiit construcl<al by Kohler and Martini 
of lierlin, hv which a highei- tem}M*ratur(‘ and pn'ssure could lx* 
app]i<-d, the following being the i«‘sults; 

((/.) Pi'(*ssure and average temjH-ratmr's as above' : 1 at mosptiei cs 
jU'cssure' at 1(1 17'd9 jx'i' cent soluble P,.()-,, 1 ‘So insoluble ; ihj 

inci’i'ase'd ])ressure and average* tejupe'i'ature* : 7 at )*ie»sphere's 

jeinssure' at 40 l(i'()7 pe'r ceiel soluble* ])he)sphate's*a!id 101 p? i’ 

ce*nt insoluble* ; (c) incre*ase*d te*m]»e*rature* and ])re*ssuie* ; 7 atnios- 
])lu*i'es pre'ssure* at 70 lb‘72 pe-r ce-nt soluble PT\,. and 2‘JS 

pe*i’ ce*nt insoluble*. This supe‘rphos])bale*, though ])iled in a b'*aj) 
1(1 ft. high, did not re'trograele* e‘Ve*n in its le)\\e*r part, wliie-b Dr. 
druebei’ attributes spe'cially to the* ste)ring of the* siqx*) pliospbate. 
after com])le‘te cooling, by l)i\ Dutje*ns’ scra]jing and e'exeling a]»- 
]iliance. Tin* fact that the* coole*el supe*r|ihf)s))hate‘ eliel neet ie*t i ygi ade* 
is not sui’]).*ising, be*caus(‘ as jar back as 1H70 the* im]x>itant tact 
was observed in the case* of sii].M])hos))hate*s n»ide* from Lahn 
phosphorite. ve*iy liable* to re*tre)grade*, that the more* rajeidly it wa 
cooled the* less the soluble* ])hos])horic aciel . re*lrog^ade‘d. Dr. 
(Iruebor concludes that, in orde*r to ;*x])]ain re*peigra<lation, ele*cisiv(i 
rcsplts will only be obtaineel by working on the* large* scale nith 
superphos])hates to which differe*nt mate*iials have be*e‘n adde*d. 
With the data so obtained, the treatme*nl of ])hos])hate‘S c(*ulel lx* 
modified according to their composition and the manne*r in which 
they behave. 

^ Dr. W. I'avsan considers retrogradation is a rathe*r exce*])tiorial 
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phenomouoii. II(! su|)]) 0 » ts his view hy personal experienced with 
Alg«;rian ])hosphates with 0-5 of sesquioxides, and Peace , River 
Pehhh's with 2 d per cent of sesquioxides. The solubility of the 
fiist was always carried in a constant manner to 0-75 per cent of 
insoluble, that of the second to 1 per Cerit. lie never found retro- 
gradati(jn in either, even aft(!r long storing. He considers that in 
valuing phosphates too much impoi-tance is attached to the per- 
centage of sesquioxides. To provt^ it he (piotes trial mixings he 
made with this end in view. In this case three Tennessee phos- 
phat(!S (a), {})) and {c) w<ire used, containing 79 per cent phosphate of 
lime, 2 :10 per cent oxide*, of iion, and 2-24 per cent of alumina, say a 
total of 4‘\) pe'r cent of sesquioxides. The results are given in the 
following table : - 

TAIU.E XLIII. -SHOWING CHANGES IN COMPOSITION WHICH TEN * 
NESSEE SCI’EIH'HOSITIATES UNDEKGO IN EOUll AND A HALE 
MON'L’HS I KOM DATE OF MAKING. 




Soltilde. 

In.soluliU-. 



I'.J),. 




Fre(' 


ln.s(dMl)l«‘. 

AlJU. 


A 10),.. ; 

Arid. 

Mixifi^f^ iiiade, Scpl^'mlxT 0, j 

(n)l>-*J7 
(h) L>-iU 

M-OO 

107 

0-26 

0-27 

DO.") 

.")-.")0 

•isOs . . . . j 

(e) DOS 

1 -28 

0-20 

DOl 

r.-io 

lSiim[)l(j ()f*Hiime siipci pl)ox- 1 

(n) ‘J-.-lA 

0-6") 

017 

D21 

D20 

' • pliutc, Nuveiu- ' : 

(6) 2 -.TO 

1 0-s7 

0-lS 

! 1 -20 

DdO 

: l)ci- 17. isos . . . 1 1 

(r) 2-;{2 

i 100 

• 0-22 

j 117 

D80 

Sai)ij)l(' of same supc'iphos | 

{a} 2-dO 

111 

0-17 

i - DO 

4-00 

l)hate, analysed January 1- 

(h) 2-2:{ 

1 -08 

0-22 

1 D 1 2 

DSO 

17, ISOO ' . . ' 

(D 2- IS 

I -22 

O-IC. 

j . . M. 

A •HO 


Paysaii adds that not Ix'ing able to ti^ace the causes of retrogi’adation 
to the^sesepiioxides, he sought for it elsewhere, and he quotes the 
following case*, of a de*liverv of Florida ])hosphate. T^hc samples 
taken the* lirst iU,y at four dilfert^ftt points looked well ; the next day 
fresh sanqdes were* tak(*n, this time going finther forward than the 
points (*xpl#re*d th« tlay before ; it was then found that in certain 
places the phosphate was darker than in others, and contained 
much imp\irity. Two samples of this kind, taken at two dil'fei;ent 
points, gave tl\e*following ligures : — 


rhofiplmto of lime 
Sami . 


a b 

Per roit. I er cent. 

71*‘,)7 64 65 

8-85 10 00 • 
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A| average sample of the whole cargo gave the following 
analysis. Fhos})hate of lime 77'73, oxide gf iron and alumina il-13 
percent. The pun ‘ phosjihate hehavwd in a normal fashion. In 
W(3l*king it dissolves complet(‘ly and gives no relrogradalion. hut 
when mixed with the im])ure.])art retrogi-adalion took ])laee rapidly. 
Fo2 to 2T4 ]u*i eentof insolui)le was obtained against 0-7o with the 
pure superphosphate. This exam])le well (‘xplaiiis eonliadietions 
and obscure ])oints. But Or. Baysan iloes not admit the ('Ifcet (d* 
])ressure in tlie (jueslion of laUrogradation. lie has often reniai ked 
a t(‘ndency to retrograde in su])er])hosphates as sonn as the\ hav(‘ 
gone through Carr's disintegrator. He. does not ascribe tran- 
scendent mei'it to Or. Liujens’ ]U-oci‘sses. Ih' reganO tlu'in as 
elegant and useful auxiliari(‘s in superphos])hatt‘ inaiiuf:fcture^ but 
which do not dis])ense with })assitig the manure throiigb Carr's 
disintegrator. A 2o ])er cent si)lubl(‘ ]>hos))hat(‘. sii\ ])bosphoric 
^acid -= Il‘4o iter cent, is tlu‘ <;uirent 1‘nitish make of solubb' phos- 
phate. .V 12 per cent Somme will giv(* a 30 pei- cent soluble 
phosphate which will Ixair an addition of .‘1 envt. of gypsum to lye 
ton to bring it down to 2o jxu' cent if the superphosphate is dis- 
patcluMl as soon as made. Or the gy])su!n maA be piirtiall\ ivplaced 
ity a little iC'lgian phosphate. Out in Britain it is not coiisideied 
good business poliev to add a nitrogenous mainiia' likt' bone dust to 
a su])er])hosphat(', and the tendency ot the workmen is al\\a\s to 
us( bir more bone dust th.in that in tin* bu-mula, loi' reasons whrch 
will h(‘ readily appieciatt'd ; the result being that when it comes to 
sn)cktaking tfie leakage (4 boiu' meal and hone dust is ex<'essi\ els 
large. What the transla'o. camaa uiKhustaiid is the magical el'i'e(,;t 
of CO ])er (jcnt of bone dust, say one-lifth of a cwl.,*i.e. 22 lb. t*o 
the ton. If the sui)eri)hospluile was very damp such a pinch of 
bone meal would be a drop in the ocean ; 3 per cent ol raw (iaisa 
phosphate can be tmderstood. It will readily he seem that oiily by 
strict l)Ook-k('ei)ing i)y doubb' entry can the amount of phosphate 
and bone dust, used as driers be controlled. M’he translatoi' fears 
the author is somewhat o\a‘r-s;|nguine as to the (dlicac.y ol some oi 
the drying machines and grinding machines which be des^aibes. 
It appears Vj the former that if a manure w ill dry naturally, as it 
should do, these machines aic not •.»<> indis))ensabb%as would be in- 
ferred, and where the manure will not dry naturally one tnay la;^ 
pardoned h’om doubting il the machines arc- (pi.'te so (Alicicious as 
one is led to believe. , 

Jiasison u hicli Supcr])lii>sj)Ji(ttc.s (irt^ Sold. - ln the begininngof 
the superphosphate industry, super])hos])hatcs wen* sold according 
to their pt.u'centagc of ])hos})hate of lime soluble in watei*. Ihtt 
there were disputes between ))uyerK and scdlers, the foi trier not 
finding the strength given them by the latter. A ])ortion of the* 
]^)^osphate had become insoluble on delivei y. The Britisli were the^ 



1‘42 


CHEMICAL MANURES 


first to determine that the part of the phosphate originally soluble 
in watei', and at the end of a certain time was no longer so, •was, 
howev<*r, soluble in weak reagents, such as carbonate of soda or oxa- 
late of ammonia, whilst the phosphate, originally insoluble, did not 
dissolve ap})reciably in these rcNigents. At first it was thought that 
this ])hosphate whicli British chfirnists called “ reduced ” phos])hate 
but now term retiograde phos))hate, was formed by the actioi 
of th(! rnonocalcic ])hosphat(.‘ on the tricalcic phos])hate producin* 
an intm inediate bicalcic ])hosphate. Such, at least, was the curi en 
(‘Xjjhination twenty years ago. J5e that as it may, manufacturers 
have got over the difficulty, not by improving their manufacture 
but ))y altbring the basis of sale of super))hosphat(*s, i.e. l)y sellini 
theuik! according to tlieir content ])er c(mt of phosphoi ic acid solubU 
in cold alkalini! ammonium citrate, which they term assimilabU 
phos])}ioric acid. This irndhod of sale is evidently very convenieni 
for llu' manufacturiu-, and (mables the works chemist to cease fron 
worrying ovc'r retrogradation whether it arises from bad manufac 
tu"e or tlie, [)res(‘nc(‘ of im])urities in the raw phosphates. 

Now, as Mr. J. Jojfri! obs(*rvt‘s ; “When a su])(‘r])hosphate i> 
ti'eated with citnite of ammonia for the; purpost; of analysis, botl 
the citrate solubh; ])}iosphoric acid, and the watei- soluble ])hos[>hori( 
acid, enter into solution simultaneously. Jt results that when tin 
analysis is mad(! by the citratt^ nadhod (without a se])arat(‘ t‘stima 
tion ,of the, phosplioric aci<l soluble in water) thert' art* confusiM 
togetlu r both tht^ ])}K)splioi ic acid soIubl(! in water, of great fertiliz 
ing value, and the ])hosphoric acid combined with iron, which ha^ 
bpt v(‘ry •iittle, d'he {atrat(‘ nadhod is, theixdorc'. uncertain. Tla 
ri'sults may |•<‘pl■esent prodiuds which are very good for ])lants if the\ 
consist of rnonocalcic phosphatt* or fret? phosphoric acid which art 
^lissoK'cd in this reagent, 'rhey may, on the otlaa- hand, reprt'sen' 
suhstances which only liav(‘ a vtuy nu'dioert^ action, if they art 
])hos])hates of iron, called retrograde ])hos])hates, which have jiasset 
into solution. .Analysts ought, therefore, to give prtd’eronce tc 
estimating hy the solubility in wattu-iis in (Ireat Britain, (lermany 
and the Unitt'd Statt's. They ought, at h'ast, to (‘stiinate st>])aratel^ 
tla; ])ortiou solublt; in water and likewise separattd/ the citratt 
soluhle.” * ** 

. It is now admitted, however, that there is no great difference 
from a fertalizing point of view btdween the water sofuble phos- 
])horic acid and the ‘citrate soluble. There is, however, a sharj) 
line of demarciition between the two prcnlucts ; the first is im- 
mediately assimilable by plants, the second is rendered soluble and 
assimilTited in the soil ta the same extent as the jdiosphoric acid 
in l)asic slag. But that being the case there is no occasion for the 
difference in price between the selling price of superphosphates 
(supposing them to be partially retrograded since they are sold as 
such) and basic slag. ‘Now this difference^ is considerable. On 
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1 Jaifiiarv, 1000, for basic sla^ at Paris stations the price of the unit 
of phpsphoric acid in basic sla^and sujHU'iJiospbates ^vas exiictly in 
the ratio of 3 to -1, which makes tlie ]dios])horic acid in letro^nadt' 
pli^)sphates 20 per cent dearer than iht' citrate s(dul)le phosplioiic 
acid of basic sla^e It is assV'rled. it is true, tliat if retro^radaiion 
has not abead\ occurred in the su])('rplios])liate lu'fore sprt'ailiii;,; il 
occurs rapidly in tiie soil. Tiie validity of this asseitioji will !)•> 
examined later on inj^nvin^ Dr. 1\ W a^nei’s opinion tm the matlt'r. 
In (rennanv super])iiosp]iates are sold accoiclin^ to their content 
per cent of water soluble ])hospboric acid, tlu* citrate soluble not 
beine taken into consideration. Now, in su))erjdiospl)at»'s contain- 
ing I p(,‘r cent of insoluble pbospluu ie acid, this latter bein^f Cwo-l bii’ds 
soluble in watei’, the manufacturer is |)rejudiced to that extent.# In 
Spain and in the Medileiannean re^iiuis tlie customs are the same 
^is i n Fi'ance. In .\ust i ia- 1 1 un^^aiA (Uistoms vary with the local il ies ; 
in some parts superphosphates are sold accordin;.t to their eonleiit 
of water soluble ph(.)spborie acid, in othei s accord in;^^ to t Imii content 
of citrate soluble, It is the same in Kussia. In .\merica. sales a*-e 
also based on the ciinite soluble w bicli enables ma.nulact urers lo 
Work low-ei’ade jjliospbates with a Inuli pen’eiitae** <»! ses(jm(*xides. 
At })r(‘sent ( iei mans' nianutaennes more clienncal manures than any 
other countrv in respotisi' to the increasin;,; ikunands ot aericullure. 

J 'liosjilhi ! il' M.iitin'rs J >(i ihi')/ lici'iinir I iisuluhti- ni liir Sml 
The beiu'lits of enriebin;,^ tie soil in pbosplmrie. acid has sone t^nies 
been (jUesti(')neii on the ;^iound that |>bospbatic tnanures become 
iiisolubli- ill the soil, anti conse(pient ly ina<;live in a period ol time 
\arvine from one to three \eais. 'Tliis object ion has bei^i retulejl 
bv Dr. Wau'itei'. 1 f supevpiuxpbate or basic slaj 4 Ik* bin led and the 
soil be left to itsfll without tillnmmt or sow in ;4 it. what happens? 
The n-sult will be that the rain, lilterin^t lbrou|,tb the layer of soil, 
will insfuisibU dissoU e the phosphoric acid ol llte superjiliospliate and 
the basic slaun and will transpoit it always a little lurtber into lh<‘ 
subsoil, where it comes in contact with oxides ol iron, alumina, and 
lime. It w ill combine with llics^' oxi(h-s, lormitie less and less sriluble 
comjiounds, to pass tinally alter lifty or a bundled yeais jienbaps. 
one does no^ know exaetK. to a'most the same stale oi insijlubilily 
as tlie ])hospboric acid contained in the mineials in the soil. 

“This transformation will reipiiie a \eiy coiisideiabh- lime. It 
is also certain that in a cailti\a,led sod, tilled, sown, and ncinmcd, 
the pioci'ssr's id' solution unceasinely oppose thr tendency to become- 
insoluble; the cultivated soil opjiosi-s tlie contrary ^ini*, that ot be- 
condne soluble. Th<“ humic acid, the* carbonic acid, the nitiate ol 
soda, the roots of plants, funei, bacteria, rtie (;irculation ol an and 
moisture, are constant aL;ents ot activity which do not allow tin- 
soluble phosphoric acid to come to rest. As soon as juecijiitated 
plfosphates are formed in the soil with a portion ot thr* jihosjdioric; 
acid, whether from superphosphates or basifi slag, the agents in the 
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soil just oriunuuMted exert their solvent action and bring bacj^ the- 
j)hosj)boric acid to the soluble state, the lime, alumina, and oxide of 
iron repreci]jitate it again iy ]>art, the agents in the soil bring it 
hack unceasingly to the soluble state, and so on. The phos])ho#ic 
acid, therefore, is not at rest in the soil ; it passers from one state 
of combination into another; it unites to one element for a Heeding 
union and (juits it to unite to another element to form a union quite 
as e])h(aneral, for the agraits of combination and solution contained 
in the soil are engaged in an incessant struggle to seize and carry 
away the jihosplioric acid for themselves; sometimes it is the one, 
soiiKdimes the other, that remove it in a transitory fashion. But 
the ])hos]>horic acid retains its instability. The more intensive the 
cu.ltyi(‘, th(‘ more tin; soil is jerated, rich in humus, the more 
alamdant tlie manuring with nitrate, ammoniacal and ])Otash salts, 
th(; deepi.'r tlu; tilth, th(i heavim- the crops, the less chance has the 
phos))horic acid in (‘xc(*ss entrust(*d to tin* soil of ])assing to the- 
insoluhle state, at h*ast in large enough amount to occasion f(‘ars as 
to its action.” 

In su|)])ort of these; argunumts Wagner relates the results he 
obtained witli (‘X])(;rim‘v‘nts on basic slag on a meadow, ])00r in ].)}ios- 
phoric; acid, wliich yield<‘d only about H tons of hay pt'r hf'ctarf; 
(12 cwt. p(.‘r acre). A series of ])lots received 800 kilos of basic slag 
])er hectari', i.e. 704 Ih. per a(;re on HO Octolx'r, ISHO, another series 
ri'lnaiiH'd unmanured. As an auxiliary manure the sanu' amount 
of kfiinit was ap])lied each year. Th(‘ ])hosphatic manuri' was not 
renewed. The 800 kg. of basic slag per hectare* (704 Ih. ])er acre) 
a].)plied r^»u*e have })roduced ; 

' i 

TAIMiK XIJV.— SHOWING POIl ;\ Sl’CCKiSSlON 01* YK.VRS THK IN- 
CUKASl-: IN HAY I’UOM UNO Al'I’LICATlON OF BASIC SLAG TO 


l-OOU MFADOW. 


Vt'dr. 

fni'n'ascd itit'ltL 

lyjK) 

Tan kilos of Iiav |M-r lu-ctaro 


•aauo 

iH'rj 

•Jliou . 

Lsoa 

1410 

1H‘I4 

20:u) 

is'.iri 

laio 

* ISUB 

lono 

1 SU7 

U20 

IS'.is 

ATU 

•• 

la.HHO 


The manuBng with 800 kg. p(*r hectare (704 Ih. per acre) of 
basic .slag, once applied, continued to act during nine consecu- 
tive years, and jiroduced during this interval an increase of 13,880 
metric tons of hay p(‘r hectare, say 5 tons 12 cwt. per acre. In this- 
experiment it is evident that the basic slag has not been rendered 
insoluhle. and the resevA'e of manure entrusted to the soil has beeu 
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fiilKt avaihil)l('. It without saying" that this f\]a'riii'uMit. l)y 

itsolj alont*, ou^Oit to alTord instruction as tc^how a phos^ihatc inanui t* 
once applied l»eliaves in its restoratixt' action, for to entrust a soil 
with a reserve of nianiire. and to allow this manure to act for niru* 
years without lestorinj,^ llte aniounl consumed hy vef^'etation, is a 
Very severe test ; inon'over, otlu'r (‘xjuM irnents iu din'ejt'ut directions 
have sliown tliat a yearly ap]»lication of manure still further iiu’it'ases 
tlie yield. It is hardly sound or lo^dcal r(‘asouin;,^ however, to 
assume that the action of basic sla^' in the soil is the same as that 
of su])erphosphate. This meadow possibly was sour and waiihal 
lime, which basic sla^^ sii)){)lied. Part of a. ilo-aert' held was limed, 
tlien ]danted with Scots ]»ine ; the ])asture under the tit'es on the 
limed ])()rtioii was easily dilVertmtiated by its (‘xcelleid (juality hUo oO 
years afteiwvards from the almost bare' unlimed ])ortion. 

Dr. Fdward -lohn Pussell in a. ]>a.]K'r on artilicial h'rlili.ans ' 
yes the followiii^Mi^mres showing the im])royement in the com- 
])Osition of su))er])hosphate due to the use of richer mineral ]ihos- 

])hates : • 

I'.ijtixmlfnl lo 
rn-\;nt. (’:i .HjI'O,).. 

MU or ni ycMvs j.-'o '•>•! MU 

MU veins nj.'o . • . 1 1 -s Mu 

■ IMt; MU 

Moileni '^ion[)le- ..... ^ 

• 

The jiioduction of su])et pliosphate in nu'trie, tons in l!Hi)d to 
IhlO is ^nveii hv the Institute I nteinationale d’ A^j;' <*. home, 
as follows : — 


]((()!. li>ui, ivu.'i. l!'uu. Ii*u7. Ittos. ii‘u;r liUO. 


Fi.iiice 

Cturni my 

Italy 

United 

Kingdom 

Belgium 

Holland 

Total 

Europe 

tfolal 

.\m«;rica 

World's 

Total 


1,U.')M,UUU l/MMt.SUU 1,M1 l,UUU i,MMU,MUU l.liMM.UUU l.HlH.C.UU l.UtpUUU 
TO-') UUU SMl.liUU kTM.UUU HM7,UUU 1,1U.'>,MUU l,lttl.<iUU I.Ml'iT.MUU 
MUM.tUU IMM.itUU |.■..^tuu rgta.HUU 7'.l7. tUU I .UMU, »■'<»<> UMS.SUUl 


l.CiM 1,400 
i.M.7;{,(;oo 
800,400 


li.^-uMuu us'.i.iuu 77M.MUU 7 h(;,<;uu '.»u'.t,uuu :».m7.huu hiu.muu 7’)(;,'.K)0 


M'.M.MOO! 
MHO, MOO 


MUH.HUU MMM.MUU MMt.UUU MUS,H0U MMl.UtlU MMl.HUU; Ml'.i.'^UU 

JUS, 8^1(1 Msu.suu Mss.ttuu M7 l.^ut) Mso.Muu ;5‘>i,r»t)(r ;j.7M,suu 

M,.7.7'.i,.'>uu i.uiM. SHU i,MMi.i»HU.|,i.‘,i, tuu .' i.oUm.ohu c,, lUM.otuMj.uus, luu r,,iur»,f;oo 

1,4.7M1pUU l,0li.7,UUU I.7ni,UUU i,r..7M,lUUM,Un;,U(iOM,MlU,lUUlM.MUl.UUOM,K.7K,400 

•'i,lMU,tlUU o,sr)M,.)UU 0,MH I .UM I 0, Bst, 1 lU H.UOM.HKU U, 1 .7s,MUU H,71U,MUU 11,004,200 


The ti^mres for the h'nited Kin|,;dom are estimated, since Reliable 
data are not available. Some autliorities estimate it at over 
1.000,000 tons. 

’ " .lour. Sjc. Chem. Iridt.,” 11*17, p. M.70. 
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Mann fact lire, of ^li.wd Mantnrs . — The m;inui(;s j^enerally used tor 
.a(lmixtiir(! with su))e)|)liosphjit<;s are J'ejuviaii ‘^uano, hone dust, 
sulphate of auiriiouia, and iiitrah; of soda, hut the Peruvian ^niano 
‘dispatctied from the localities of juoduction now is much less rich in 
.nitroi^am than that imported in the ])ast. Its ])lace is taken hy 
sulp}iat(; of ammonia, {ground hojn, dried blood, dried meat, etc. 
■Su])er])hoH])hat(5 of potash is also ])r(^pai-e<l. The mixin^^ is done 
as" much as j)Ossihl«‘ after the ])hos])hate is dissolved. ^lixinj^^ is 
not done, in the dry 4ate, (‘xc(‘])t wlum it (;annot Ix' peifornied 
^tluM'wise. 

In th<! wet mixin^^ of com])ound maiim-(*s wheit? such thin‘.,^s as 
sulphat(! of ammonia, meat meal, lish ;.^niano, hone m(‘al, kainit, 
shoddy, etc., ^^o up th(‘ cups, retioj^n-adation is h'ss marloxl. Thfi 
oth'M iii^rc'dients a])])art‘ntly , at l(*ast, j'etard retro^radation, if tlu'y 
<lo not prevent it to a ^nx'at r‘xt(mt. .\ dO ))er cent soluble ])hos])hate 
which ri!t|;o^raded .'1 to 4 pcu’ (amt in a f(‘W months when di v mix(al, 
s(; as to ^Mv ' liO })er (amt soluhh^ ph()s])hat(‘s and 7’() })(‘r camt 
ammonia, maintaiiual that composition e'xactly foj- seveial months 
in a 250 ton h(‘ap. It is better to us(Mip su])ei phos])hates with such 
a mai k(“d t«mdency to la'troi^iade in tlu‘ makin;.( of w<4 mixing com- 
pound manure's. 

Hand labour is the Ix'st for this kind of work, ddie* materials, 
piawiously wei^du'd and sifteal, aw made into a 2 ton h('a]) by means 
of a banow c.a|)able of holdinj^ 10(^ kilos (2 cwt.). To turn tlu' 
rnattei’ j)roperly the shov(‘l is phm;.f('d into it ve'rtically, so as to mix 
it, th('n aft('r havin'.; sifted it, it ’s made into a lu'a]) in the' inverse 
order, that is to say, by lifting" it frenn the ;;roimd to thiow on to 
the middle' c f the lu'ap. 

Th(‘ followin^^ t'xplanatimi will make this plainer: 

Tak(' a 10 ton mixin*; accoialin^f to tlu' followin^^ formula 


lA cwt. sdiH'rphosplmtc 
15 (iv\ t. sulphiite' «iC :iinnu»nia 
1 cwt. Ixuic men I . . . , 

1 cwt. nuuinte of [Ketash . 

(U(i) 


7’mhs. ('n-ts. 

7 10 

- 1 10 

10 
10 
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Firstlof all the 7C tons of supei‘})hosj)luitc wouKl hf laid down iji a 
heapiind accurately levelled, then the 1C toits of suiphatt* of anunonia 
would he spread uniformly over the h**velh‘d toji of th<‘ h(*ap. then 
th«^ \ ton of hone meal uniformly over that, then the muriatt' over 
that. Tlien a screen with two men would he placed at oiu* end of 
it and a man to j 4 »‘t the stutY foi- tlnmi. that is l)y dij^^j^nn^f down tin* 
hea]) vertically and mixing' it for the two intm to sliovel it thioueh 
a C inch or 1 inch scnMm. Wlnm this first sci»‘enin^' is doiu' the 
inaleiial is screened throuj'h in th(‘ i«*vi*rs(‘ direction, hut this linu‘ 
through a | inch sitwe. If tiu' heap has lu'en laid down an\ thing 
like ]>roportionat(dy and uniformly, samples taken from^any })oint 
will agree in analysis in a manner that tlu^se who have not seen it 
done would hardlv credit. If the 71 tt)ns of su)>»M])hosj)hat«‘ tvtn n 
taken from the super])hosphate heap, if the foreman has a good e\t‘ 
pfor hulk and weight, there need 1 h‘ no nec.essity to w<‘igh the 71 
tons; he can tell to a nicety its hulk. 

The Pnitish manure manufacturer works in cwfs. to fht* ton, 
thus a vei'y ('asN' calculation shows that My cwts. of sulphate of arti- 
monia (of liO’Y) ])er cent. N| to the ton mixiu^n gives f) ))ei' cent of 
nitrogen in flu* nuxing; a similar easy calculatioji shows 1 1 | cwts. 
<■)! super])hosphate with do per cent of soluhle phosphate to the ton 
mixing, gives as man as ma\ la* lll (il7 per cent of soluble phos- 
nhate in tlu- mixing, and l!f t)17 of soluhh* phosphat< is e(jual»to 
1) per cent of soluhle ])hosphoiic acid (f) x 2'lMd). • 

These manipulations are sometimes i-athei- unpleasant , such as 
the disengagement of dust. (‘tc.. nevei th(*l(*ss they form the best 
method of mixing. The .mateiials so mixe<l ai<* after^vards passt*! 
through a (air's disintegr!»t(a oi- through tin* tootlu'd cruslxu’, a very 
homogeneous mixtui'e being thus ohtaimsl. Inert malei'ials should 
if ]) 0 ssihl(‘ h(‘ avoided in these mixings, liy mixing high strength 
supei-])hos])hates with low strength sup»'rphosphales common sorts 
can he made without recourse to inert materials, sand, plastei, etc. 

In mixing, however, it is often imjiossihle to a\oi<i th(‘ ust* of 
gypsum, the more so a.s it dries die matiureand gets the (toil* through 
the screen. To get the core m this (aisi- through the screed with 
hone dust \*ould he a waste of money, as af»par(^iliy no value is 
attached to insoluble ])hosphate. Su|)])Osing tlie su jierphosphate 
used tests in this cas<‘ dH ])er cent. <)\ soluhle plR)s))hate,4t is a (;lear 
case for tin* addition of gy]>sum instead of using two grades (»l super- 
phos])hate. Moreover, a manure of this nature with iieithm- potash 
Tior'hone meal would liave no backbone. • 

Aniviotuatvd .S’///a'rp/ees 7 ///<//e. -Although the composition of 
tliis manure is vmy variable, the* most usual strength being ; if, 
o; 10. or (> ; Pi. the^first figure indicating tin* percentage of niti ogen, 
the second the percentage of soluble phosphoric acid, tins manure 
is ni great esteem. It is analogous to dissolved i^Tuvian gua;io to 



r48 


CHEMICAL MANURES 


which farmers are accustomed, ^foreover, it presents the advai.ta^e, 
tfiat its acid retrograde; less easily in the soil tlian that of, pure 
RUfj(n’phosphate, seeing that vhe sulphuric acid combines first with 
the bases which it encounters in arable land. The mixture ot su]Ter- 
y)hosphate with sulj)hate of ammonia is easily made. Sulphate ot 
ammonia is delivere-d in a tin<;ly ground gratudar condition. It 
contains 24 o jjer cent of NTl.j 2() 2 per cent N and about 1 ])er 
cent of moisture, wtiich is an advantage for the nianufactuier, tor 
the mixtui'es !i ; U have to be delivered with a maximum ol b to 7 
per cent of moisture, thos(; of 5 : 10 with a maximum of S to 9 of 
moisture, in ordfir to obviate the. formation of lumps in the sacks. 
To obtain' v(;ry homogen(*f>Tis arnmoniated super))hos})hate the sul- 
pha!^; of ammonia is added during the “ dissolving” of tlie su})f*r- 
phosphate by dissolving this salt in tla; sulphuric acid list'd to 
(h'Comyiose, tie* su])er])hos])hat(', but this method of proceeding is 
not applicable t'xcept with small amounts of sulpliate of ammonia ; 
with large amounts it should be mixt'd latei’. 

' 'riie process generally usc'd in making ammoniated suyieryihos- 
))hate is as follows ; The dry super))hos])hate and sul])hate delivered 
in 10 ton w'agons, being stored an<l analyst'd, tin; amount ol 
su])erphosphat(! and sulpliate required to givt' a mixturt* of 9 ; 9 
has to b(! calculated. Supyiose that tint sulyihate of ammonia 
contains ‘iO'T) N, then 20 o kg. corresyiond to 100 kg. ( N 1 1 ,).^S( )j, 

I ( H 1 U 

kg. corresyiond therefore to (N I1,,)..S( There 


remains then for the suyierphosphate 100 ~ 42 — oS kg. These 
.58 kg. of su|verphosphat(‘ must contain 9 kg. of soluhh' })h(^sphoric 


•111 1 100 X 9 , _ , , , . 

acid, which corresponds to lo'O yier ci*nt ol phosythoric 


acid. d\) mak(‘ tlie mixture the 10 metric tons of sulphate of 
ammonia are laid in a hea]) ft. long and on each heap tlu^ 
necessary portion of suya'rphosyihate to the total of lil Sl metiic 
tons. Two labourers mix the two with tlu' shovel, making the 
whoh^ into one heaj) and recoimm'uci* the same in an inverse direc- 
tion. The mixturt* is then yiasst'd tlirough (air's disintt'grator or 
the tootiu'd crusher, aftt*r which it is laid on a big hea)) in the 
wavrehouse for the ingnalieuts to combint*. 

Mixturt i; of supt'ryihosphatt* and sul})hatt* of ammonia exhiliit 
phenonit'ua of a })eculiar naturt*. They gratlually heat ami bt'come 
tiamp to the toucli ; they dry again, and. ow ing to the formation of 
gypsum, they harden more and mort*. Tht* rt*action lasts for a 
variabje time. It de))t'nils on iht* nature of the super))hos))hate and 
its mannt*r of manufacture, and may end in liftt'en tlays, when the 
mass is in a. largt* hea)), and exposed to a certain yiressure. Am- 
moniatetl su))er])hosj)bate forms a hartl, sometimes rocky mass, trhe 
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haiuliiing of which is expensive. l)ut in order to ])revt‘ni it settin^^ 
too haid 1 to '2 cwis. of hone meal may l)e^added to t‘aeh ton whieii 
keeps it open and friable. It is crushed Iw Carr’s disinte^nator. is 
pifcsed throu;.,di the sieve, and hai^^u'd uj) imnuHliateiv aftiM wards. 
for it does not solidify a^eiin if made in a ))roj)er manner. To 
liminish the hardening' as much as possihh*. sand, or better 
still. ])Owdered })eat, sawdust, wool tlust, or chimney soot may be 
idded. and in th<‘ second ]dace, immediate saturation (d' the 
sulphate of lime by tlu' addition of a little water, d’lu' second 
:(riudin‘^^ is therefore necessary to etVect the ])eifect mixing of the 
,wo in^U'edients. In fact, if the substance be* analysed after tlu* hi si 
irushin^, there may perhaps be found S\S per cent of phosphoric 
icid and 9'‘i ])er cent of nitro; 4 i*n. to;j[(‘tlu‘r IS p('r cent, but ^after 
-he second crushin;.' the ])roduet uniformly shows 1) jier cent of 
jhosplioric acid and 9 p;r C(‘nt of niiro.ift'ii. .V similar method 
d calculation staves, (‘qually. for all tlu* mixin^^'s, thus for am- 
noniattsl superphos])hate o : Id. l''oi- 100 of mixtun*. lakt* 




ammonia of ‘itt-Tj jxa- c(*nt 


N. and 

100 X 10 

T-rb 


const‘(|Uently 
l:k2 per 


Tb’ti kLr. of 
(u>nl ])h</s])hori 


su))er^thosphate coiitainin;^ 
c acid. If a. wa^oii of l() 


tons of sul])hat(‘ of ammonia is to lx* used. 11 tons of llu' mixtyre 
will bt‘ obtained of the d . 10 mixture, i-ecjuirin^^ eonse(jui'nt]\ 01 
tons ot siipei phospbatt*. It is easy to brin^^ the supei ])bosphate 
to the rij,dit stren‘j;th by diliitin;^' a hii'li-stitm^dh siiperidiosphale 
with a lo\s -stri'iij^dh su]H‘r])bos])hale or with ;.iv)»sum fp-e from irop, 
alumina, and caibonate •of lime, or enriehin;; a. pooi‘ su])er])hos- 
phate with a rich sU])(‘r})hosphale, or with a dtjuble siipei phosjibate. 

Sn irilh Siilj>luih’.s, Aninninln, tuul ruldsli Stills. 
Tliis mechanical mixture of sulphate of ammonia and p(aash salts 
with siiperphos))hate is pnqiared in a. similar manner. Suppose 
it is desired to ])r('pare a mixture of this nature containin}^ d per 
Cent of nitrogen. 7'd )>er cent ol^ jiotash, and 0 jier cent of ])hosphoric 
acid, and that the injiiedients to lx* used for tfie purjamo are 
sulj)hate of^ammonia with 20'd N. and jiotash sa,lts with .‘17 p<‘r 
cent K. To piodiice 100 k;:. of such a mixture iT would tlioiefm'e 
1)C necessa^v to use : 


100 X d 
20-d 

100 X 7 d 
d7-0 ■ 

100 X 0 

dO-d 


24 4 k;:. of sidjihat'* of ammonia. 

20 d k;.(. of potash .salt, and conseijuenlly 
dd d kj .,0 of su])erpbos])hat<.‘ testing. 

Ib 27 per cent of j)hos])horic aci<I. 
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TABLE XLV.— NUMBEU OF CWTS. REQUIRED IN A o TON MIXING. 
OR OF TONS IN A 100 TON MIXING OF A SUl'ERPHOSFHA'IE OF 
A GIVEN STRENGTH* IN P.,0, TO I>RODUCE A MANURE OF A 
GIVEN STRENGTH IN P..(>. ' 


; l‘aU5 in 
tlie Sii))€r- 


.S-i< 


I'O 


IV^r, in tln/Mixtun-. 


H-8 : H-0 10-0 11*'' n o 12 0 : 14-8 14 H l.'.-O 


lo-l .IH-'JH 00-22 7H'14 7H-70 70-47! 

ir,-2 07-00 OM-oo:r,o-2i 04-0M o.j-ia 00-00 77-04 7H-20 7m-oo: 

1 0 -O 02 -7 1 OH • 1 7 OH -(12 r>4-04 04 -7 1 05-H0 77 10 77-70 7H -40 

I 10-4 0X 10 07-HO .0H-4:i 0;pr0i:04-2H O l-Ol 70-00 77-27 77-00' 

10«0 I.OO-7H 07-42 Oh-00 00-20 00 -h7 04-02 70-14 70-7H 77-40; 

10-0 00-41 07 -Oil, 07-00 02-H2 00-40 04 10 70-00 70-2H 70-00i 

10-7 !00-00 00-00:07-02 02-41 00-00 00-00 70-10 70-7H 70-40; 

1 0-H i.00-00 00-02|00 00 02-01 ,02-00 00-2H 74 07 70-00 70-07^ 

10-0 iOO-00 OO-Oh'oo-00 01 -00,02-20 02-00 74-22 74-H4 70-4H 

1 0-0 00-00 00-00 00-24 01 -20'0I -h7 02-00 70-70 74 07 70-01 

,10-1 |04 07 00-20 00-00 00-H7'01 -10 02-12 70-00 70-01 74-04i 

10-2 ;04-00 04-00 00-00 OO- IO'OI-IO 01-70 72-HO 70-40 74-Oh; 

10-0 jOO-OO 04-0li00-2\ 0,0-12 00-70 01-00 72-10 70-00 70-02! 

10-4 00-07 04-2h|04-HH 00-70 00-07 OO-Oh 71-00 72-00 70-1h: 

10-0 |00-00 00-04 04-04 00-0h:00-00 00-00 71-02 72-11 72-70 

10-0 ;00-{)2 00-02 04-21 00-00 00-04 00-21 71 -00 71 -OH 72 00 

10-7 02-70 00-00|00-HO OH-Oh .00-2H OO HH 70-00 71 -20 71'M(;| 

1 1(;-H 02-0H O2-OHj0O-O7 OH-00 OH-02 00-00 70-20 70-Hl 71 -44i 

! u;-'.) 02-07 02-00 00-20 57-Oh -OH-OO 00 17 00-72 70-41 71 -01; ' 

i 17-0 0 1 -77 02-00;02-04 07-00 0H -24 OH -80 00-42 70-00 70 -i;o' 

j 17-1 01-40 02-00;02-02 07-01 07-H0 OH- lH 00-01 0,0-08 70-181 , 

' ^17-2 .■?! -17 01 -70 02-02 00-08 07 00 08-10 0,8-01 0,0- IH 0,'.>-77 80, 00) 80,-0,l 87-22 

* 17-0 ,00-88 1 -40 02-02 00, 0,0 07-20 07-81 08-2-/ 08-70 0,l»-.87 80 07 8»;-14 80, -72 

17-1 00-08 01-10:01-72 00,-02 00,-00 07-18 07-82 0,8-00 0,h-'.»h 80-07 80-00 80-22 

17-0 00-20 0O h7;O1 -42 00-01 00,-07 07-10 0,7 1 1 08-00 0,8 •.■)8'8 1-00 80-10 85-72 

17-0, 00-00 00-,58 10] -20 00-08 00,-2 1 •OO-.h-J 07-00 0,7 01 08-1'.) 84-10 84-0,7 80-2;i 

17-7 40-72 00-28:00-8 1 00-07 OO-O.l 00- 10 );)‘,-07 0,7-22 );7-70 80-02 h I-Ih 8 1-71 

17-8 40-4 1 00-00 ioo-.oo 00-00 00-02 -00-18 OCrOO «>);-8 l 07-42 8:i-10 , h:i-:i 84-28 

17- 0 10-10, 40-72 00-27 .04-74 00-00 OO-H)’, »‘,0-02 0,0-40, 07-04 82-);8 h:1-24 80-70 

1 8- 0 IH-H'I 40- 14 40-80 0 1-4 1 01-0!) 00 00 )',0-00 0<M0 )‘,0,-07,82-22 8-2-77 -hO-OO 

lH-1 18-02 10-17 40-72 01-1 1 0 1-0,0 00-20 00-10 00-7:i )iO-:tO Hi -77 82-01 82-87 

18-2' 48-00 18-00 10- 1 1 00-84 04 00 04-'.» H', 1-80 00-07 )10-04 81-02 81-87 82 11 

18-0 18-08 48-0,0 40- 1 7 00 00 Ol'OO 0 10,1 •il lH 00-01 )’,0-07 SO-H? 81-11 Hl-OO 

18-1 47-80 48-:f8 18-01 OO-2)’,OO-80, 0 1 O), 0,4 - 1 0 04 0,8 0,0-22 80 -4 4 8() -'.)7 8100 

18-0 17-00, 48-10 18-0,1 ,02-07-00-01 04-00 00-78 01-01 0 1-8<-, 80-00 80-04 Hi -08 

18-0, 17-?r2 17-80 l8‘‘-00 02-0,'.) 00 22 -00-7)1 00-40 00-07 04-.02 70-0ir‘ hO-1 1 80-00 

18-7 47 07 17-0,0 48-12 02-41 .02 04 00-48 00-1 1 00-00 04 18 70-10 70-);0 80-20 

18-8 40-80 47-04 47->^»’, -02 12 02 00 00-10 02-70 00-28 00-80 78-78 70-20 70-70 

18-0 40 .00 17-00 17 -»U 01-8 1 .02-07 .02 00 02- 10 02-00 tlO lO 78-.00 78-80 7'.^ 00 


Ten tons of th«' sulphate of auiinonia used would therefore ^dve 
41 tons of the compound manure. It would thus l)e necessary to 
use 31 tons of potasli salt plus super})hosphate, or 8 4 tons of the 
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tirstjiand ‘22'(3 of the socoiul. Thesj* mixed manures tiiul an outlet 
chierty in regions where the vim*, tohacco, the hop, and vt‘getahh‘s 
for preserves are cultivated. Tlu'V iy e likewise esteemed for tin* 
ciiitiire of the sugar beet, barley, and ])Otatoes. Mixtures of super- 
phosphate and potash salts become readily moist in tht‘ stort‘, for 
which reason it is not safe to ]>repart‘ them a long tinu' in advanct'. 
Tlu‘ use of calcined salts prepared from th(‘ waste of potash 
factories sutler from tin* drawback that they nearly always contain 
magnesium chloride. When they ao* <lried with }necaution at 
100 ('. they arc* exc‘m])t from basic inagnt*sium com})()unds. The* 
rc'trogradation of the soluble jihosphoric acid in mixed inanurc'.s 
under the action of the* basic salts has been studic'd lyv Kinnicrling 
following rc'sults of culture* ex])c‘rimenls th<*reon. Hy ireatinji salts 
of potash in the revc'ihc'ratoi’y furnace to partial fusion, about SOO ('. 
(1472 F.), the* magnesium chloride* which the'v contain is decom- 
^posed in the* moist condition as fedlows: 

MgCL -f II, i) MgOlK'l + IK'l 

according to tlie* e<|uation — 

Call.d’O,), + M^:() CaM-lldl'o,), + ICO, 

a molecule of magnc'sia as Mg(()ll).,, MgOlK'l, or Mg('l„, ae‘(s like* 
Mg. ) and may cause* the* retrogradation of a mole'eude* of ])he)s))hoi ic 
acid, from which it follows that one* part f»f MgO can re‘nele*i' 
parts of ])hosphoric aead insoluble*. If one use*, for example. t^\Vnty- 
nino parts of potash salts with 2‘()r) p(>i- e,*e*nl of five* magne*sia, tin* 

0 1 If, X ^ 

])art .Mg( ) '^nlhe'e's to combine* O-r/.l .’ifio 2 tjlt 

])arts of })bos])hoi ic iicid ; but as an aeainil fae*t, onl\ 1 ■•! eif insoluble* 
was obtained, which jirove-s that tin* ma.gne*sia did not e*xe*it its 
lull action, d'he* cause* is to be* tiac.i*d to the* slight S(>lubilit\ of 
magne'sia. and in the* lac’t that the* salts of potash eauideine* partially 
with the* })re*cipitate* foiine*d, so that a jiart ot llie* phosjehorie; acid 
of this latter re*mains in solution. 

.\;7r(//e’f/ rhosjtlidlf * 'I’lie* use* of nitrate* of soda in comjiound 
manure*s is*rathe*r re*stricte*d ; it is used in making nitrate*d phos- 
phate, sometimes in nitrate*el phej*^>hatc of ammofiia. It is found 
that nitrate* of soda and sulphate eef ammonia are* incompatible 
and that fact it is be*tte*r to use; the-se* manure’s* se*parate‘l\ , 
Kesides, mixture-s of superjihosphate* and nitrate some'tim(*s e*nti'r 
intp spontaneous combustion in the* bags. Whe'ii manure* con- 
taining nitrate take*s tire* s))onlane*ously in the bags. howe‘Ve*r, it is 
not a case of dam]> or wc't su])e*r])hospliate‘. nor is it a rase* of 
impure nitrate; but it is due* whedly and solely to the supeiphos- 
phate fresh from the; mixing “den” he*ing mixeal with the; nitrate 
a#ld haggf*d up lx*fore it has had time; to cool. Fold KU])e*r])hos])hate*, 
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however damp, does not act on nitrate of soda, except in every 
warm weather. The superphosphate and nitrate must be mixed 
dry. They are no longer a ^urce of trouble to the manufacturer, 
provided that the superphosphate used has been properly made, 
for dry nitrate of high percentage mixed with a superphosphate, 
likewise dry, does not give off nitric acid and cause loss of nitrogen 
as was often the case formerly when sujjerphosphates were wet 
and the nitrates charged with chloride of sodium. The sodium 
chloride decomposed by the free phosphoric acid caused the bags 
to burst in transit, for no substance rots bags so quickly as free 
chlorine and fluorine, two elements given off when nitrate and 
damp superphosphates are mixed. 

Finally, a manure is made for meadows by mixing kainit with 
superphosphate or with basic slag. Kainit long in stock is gener- 
ally so damp that it blocks and chokes up the crusher. The only 
way to grind it is by hand latx)ur, by the aid of wooden mallets 
with long arms, and it is altogether a costly operation. Kainit 
should not bo stored in sacks but in bulk on a concrete floor where 
the water can drain away from it. The mixing entails no difficulty. 
The ingredients are infxed with a shovel, then the heap is turned 
over, the product perhaps passed immediately to the centrifugal 
crusher, then to the sifting machine. If the kainit be in blocks or 
lumps it must first be put through the crusher to reduce it to the 
detlired fineness. 

It* has already been remarked that in the case of the ammoni- 
ated superphosphate of high strength, the phosphoric acid soluble 
in water (Vd not retrograde even when the superjihosphate entering 
iiAo the mixture was of such a nature as to readily lend itself to 
retrogi adation. The causes of this phenomenon are of both a 
physical and chemical nature. The more the superphosphate is 
distended by ballast, which is here sulphate of ammonia, the more 
distant the particles are from one another and preserve their con- 
dition. From a chemical point of view, sulphate of ammonia 
possesses the property of hindering the basic sesquioxides from 
precipitating themselves, but it is clear that a retrograded super- 
phosphate cannot be improved by mixture with vulphate of 
ammonia. f- 

Tablea for the Calculation of Amvionialed Su2)cr])ho.s2)hate}i . — 
The first \^crtical column of Table XLVI gives the *Oontent of 
sulphate of ammonia^ in per cents of nitrogen, in one-tenths within 
the limits which are generally met with in practice. The first 
honzontal column contains the usual percentages in nitrogen of 
ammotiiateil superphosphates from 185 to 500. The figures 
contained at the points of intersection of these vertical and hori- 
zontal columns show the numljer of cwts. of sulphate of ammonia 
that must l>e added to the heaps to get 100 cwts. of the raixtuPe 
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with% the desired nitrogen content. Thus, for example, to get a 
superphosphate of 5 : 10, with 4*9 per cent of nitrogen fro!n a 
sulpnate of ammonia, of 20‘2 per cept of nitrogen, it is necessary 
to^add for 100 cwts. of mixture, say 64 cwts. of a 15*7 per cent 
superphosphate, Ilf of some inert material, and 24 1 cwts. of 
sulphate of ammonia. Table XIjV gives the corresponding values 
for calculating the superphosphates. 


TABLE XLVL-SHOWING IN CWTS. THE AMOUNT 01’ SULPHATE 
OF AMMONIA OF DIFFERENT STRENGTHS THAT MUST BE 
CONTAINED IN A 5 TON HEAP TO GET A MANURE CONTAINING 
FROM 1*85 TO 5 PER CENT NITROGEN. 


Per cent 

N. 

i-sr» 

1-90 

1 

*2 -00 

•2 '85 

*2-90 

‘2-95 

• 

8-0 

19*5 

0-40 

9-74 

10 00 

10-20 

14 0*2 

14-87 

15-18 

15-88 , 


O' 44 

9-09 

9-90 

10-21 

14*54 

14-79 

15-05 

15-81 

DI-7 

!l•40 

o-oo 

9-90 

10- 15 

14*40 

14-72 

14-97 

15-118 

10-8 


9-09 

9-85 

1010 

14 -HO 

14 -(*.4 

14-89 

15-15 

VM) 

O'HO 

9-r>o 

9 80 

10 05 

14-H2* 

14-57 

14-82 

15-08 

•20-0 

! 9-25 

9-50 

9-75 

10*00 

14-25 

14*50 

14-75 

15-00 1 

20 1 

i 9-20 

9*40 

9^70 1 

9*95 

1418 

14-48 

14-08 

14-92 1 

'20-‘2 

' 9*10 

9-41 

9-00 1 

9-90 

14-10 

1 14-85 

14-00 

14-85 

•20 -H 

! 9-11 

9 -HI) 

9-01 

9-89 

14*04 

j 14-29 

14-58 

14;78 

•20-4 

9 •07 

9-;40 ; 

9-')0 

9-80 

18-97 

14-22 

14-40 ] 

J4-71 

‘20 -r) 

9-02 

9-27 

9-01 < 

‘ 9-75 

18-90 

j 14-15 

14-12 ! 

Vl-08 

•204) 

8*98 

9 ••22 

9-47 

9-71 

18-88 

14-08 

14-82 1 

i 14-50 1 

•20*7 

8'04 

9*18 

9-42 

9^00 

18-77 

1 14-01 

14^5 ’ 

j 14-50 i 


Per cent 
N. 

8-85 

3-90 

3-9'. 

1 -0 

4-85 

4 -9!J 

J-9.5 

5 -00 

19-5 

19-74 

*20-00 

•20-20 

•20-51 

24-87 

•25-18 

25-89 

25-04 

19-0 ' 

19-04 

19-90 

•20-15 , 

20-41 

24-74 

*25-00 

•25 -‘25 

25-51 

19-7 

19-54 

19-80 

20-04 

*20-81 

24-01 

24-87 

•25-18 ; 

25-38 

19-8 

19-45 

19-70 

19-95 

‘20-*20 

24-49 

24-75 

25-00 ^ 

•25-25 

19-9 

19-85 

19-00 

19-85 ■ 

20-10 

24-80 

21-02 

24-87 

25-13 

-20-0 ; 

19 -*25 

19 -.50 

19-75 

20^ 

*24 -‘25 i 

24-^0 

•24-75 

26-00 

•20-1 , 

19-15 

19-40 

i 19-05 

19-90 

i 24*18 

24-88 

24-02 ! 

•24-88 

•20-2 i 

t9-05 

19-31 

1 19-55 

19-80 

1 24-01 ' 

‘24-25 

f4-50 

•24-7/r 

20*3 i 

18-97 

19-22 

i 19-45 

19-71 

1 -28-89 1 

24-14 

24-39 

•24-03 

20-4 I 

18-H8 

19-12 

! 19-30 

19-01 

i ‘28-78 i 

24-02 

•24-27 i 

24-51 

•20-5 ' 

18-78 

19-02 ' 

19-27 

19-51 

23-05 ! 

23-90 

•24-14 

24-89 

20-0 j 

18-09 

18-93 : 

19-17 

19-42 

23-54 i 

•23-79 

•24-08 

24 •28 

20*7 1 

18-00 

18-84 '■ 

19-08 

19-82 i 

‘2:4-43 1 

28-07 

•28-91 • 

•24-15 



CHAPTER IX. 

THE MANUEACTUUE OF J»HOSFHOKIC ACID, DOUBLE SUPER- 
J'HOHPHATEH, AND VARIOUS PRODUCTS. 

lliHior iced lie v manufacture of phosphoric acid, at one 

time flourishing, has lost much of its former importance. The 
marktt for raw materials and finished products constitutes one of 
the most important factors in the development in this as of any 
industry. Formerly, when pure phosphates of high strength were 
rare, whilst phosphates of low strenj^h abounded, the phosphoric 
/cid industry and the preparation of its derivatives were in an ex- 
cellent and prosperous condition. The extensive deposits of phos- 
phorite in Germany intluced manufacturers to devote themselves 
to the manufacture of a product which, after separation from the 
impurities accompanying it in the raw material, was admirably 
adapted for the manufacture of one of the most esteemed manures, 
thaC is, the double superphosphate. The discovery of the J^ahn 
phosphorite beds occurred about the same time as that of the 
Strassfurt deposits of potash salts, and just when Liebig had 
formulated his mineral manure theory. Lahn phosphorite, which, 
wc; know, 'coi^tains a large proportion of iron and alumina, was 
receiv(‘d with open hands by manufacturers, but great was their 
astonishment when they realized that this material was absolutely 
unfit for superphos})hate manufacture. Treated with sulphuric 
acid, it yielded a product, with a very low content of soluble 
phosphoric acid, which diminished still further to such an extent 
owing to retrogradation that superphosphate manufacturers had 
to abandon its use. Two large chemrcal factories, which owned a 
great part of the Lahn phosphorite deposits, subsec^iuently en- 
deavoured to utilize the material ip phosphoric acid manufacture. 

The fundamental idea of the process of manufacture is con- 
fined in Graham’s method of analysis. It consists in digesting the 
pulverized phosphate with sulphuric acid of 5 per cent strength, 
the dissolved phosphorKj acid being afterwards titmted with uranium 
solution, leaving •the oxide of iron intact. The principle of the 
process is thus represented by the following equation : — 

CR,(rO,)s -f 8H3SO4 = 3 CaSO^ 2H3PO, 

810 294 408 196 


604 


( 154 ) 


604 
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ly some strange error the older manuals state that by treating 
tricalcic phosphate with dilute sulphuric a^id, monocalcic phosphate 
is o^ained. Now this statement is erroneous l)ecause, as will he 
seen later, only phosphoric acid enters into solution. But even 
when sulphuric in insuflicient amount to that calculati'd for the 
preparation of monocalcic phosphate is used, free phosphoric acid 
is obtained, seeing that in this case a part of the Ca 3 (? 0 .).j remains 
undecomposed. As far hack as 1870, the firm of H. t'i: h. Alhrecht 
at Biebrich installed an experimental factory for the manufacture 
of phosphoric acid, but the venture was not successful because at 
that time suitable appliances for separating the phosphoric acid 
from its insoluble residue were not then utilized. It \v<is only by 
the use of the filter press, already known at that lime in ^sugar 
works, that the manufacture of phosphoric acid became lucrative, 
hut the conversion of dilute phosphoric acid into double su])er- 
^ phosphates did not in the beginning ])resent insurmountable ditli- 
culties. Now, for this double super])hosphate — with a minimum of 
40 per cent P.Pr,— there was soon a very great demand, as much 
by agi'iculturists as by manure manufacturers, to whom it alVoraed 
a'simple and easy means of securing a high percentage* of 
But let us examine the manufacture of phosphoric acid a little more 
closely. 

ManufdcAuve of PJiospltonc Acid - -The raw material usi'd is a 
50 per cent phosphate If dam]), it is dried on ndital 

plates. If lumpy the lum])s are crushed by a stone lireakei and 
then reduced to the requisite fineness by a tlatstone mill or a ball 
mill. The ground phosphate is then f(‘d into the vats iy a chain 
elevator, I to 2 tons per charge ; the sulphuric acid and the necessitry 
water (wash water containing some PA);,) to dilute the acid to 1() B. 
is run in at the same time. Thi* charging of the vats reiiuires 
twenty minutes, and during this time decomposition is comp Ctely 
effected, the phosphoric acid being liberated, the sulphuric acid has 
taken its place and combined with the lime to form gyiisum, which 
has to be separated from the liquid. For this pur])Ose the muddy 
liquids from the deconT])Osition vats are collected in a receiving 
lank at a louver level ; this is fitted with an agitator, its role being to 
maintain the solid particles in sus|)eii8ion until thif mixture is forced 
to the filter presses by a pump, in which tluyicid liquid comes m 
contact oftly with rubber or lead. Tbe filter presses UHiid have 
50 plates, and are capable of treating 14 tons pf ])hoH])hate- (*qual to 
thvee tons of P.,0^— in twenty-four hours. The filter plates are of 
pitchpine, the frames being of the same wood or of oak ihe 
Otters are of plum-tree wood. When the filter jiress is aharged 
Its contents are washed with water under pressure until the liquid 
which flows away shows a giavity of only 0 25“ B., a density equal to 
that of gy^wum-satui-ated water. The wash water then contains on 
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an average 3 per cent of ; it is used, as already stated, to 
reduce the sulphuric acid to 16" B. The phosphoric acid collected 
in a “ weak solution ” tank has a density of about 12^ B., say aoout 
4"' B. less than the sulphuric acid used ; there is reason to conclude 
that in addition to liberating the phosphoric acid a part of the latter 
has combined with the lime present in the phosphate as CaCOj, 
CaFo, and CaSiO,,. A weak phosphoric acid solution of average 
quality has the following composition : — 


Vcr cent. 

IW, .8-0 

SO., 0-2 

CaO 0-4 

I'e^Oy and 0-3 


and small quantities of HP, Si, MgO, etc. For most applications, 
especially for the manufacture of double superphosphates, the 
phosphoric acid must be concentrated to a certain extent. At 
first attempts were made to concentrate it by evaporation, using 
lead steam coils, but the pipes became rapidly encrusted with lead 
salts and lost their conductivity for heat. This process was there- 
fore abandoned, and attempts made to concentrate the acid by 
bottom heat. Great flame ovens were constructed heated by com- 
bustion gases. These gases are led underneath the liquid con- 
tained in a pan surmounted by an arch. The pan is of strong 
wrougnt-iron, lined inside with stones which resist acid, and thus 
was protected from direct contact with the flame and the phosphoric 
acid. On other hand, the exterior side of the pan is unprotected. 
The dilute solution of phosphoric acid runs in continuously in the 
back part of the pan, until after two or three days an avemge 
concentration of B. is obtained. The concentration is then 
finished and the phosphoric acid, now indicating 56"' to 58'' B., is 
finally run out by a central gutter, whilst the contents of the pan 
are continuously agitated so that no mud remains. The liquid is 
collected in wooden vats, or in lead-lined iron tanks. In this con- 
dition the phosphoric acid is turbid and blackish owing to the 
presence of soot deposited by the combustion gases. Jt contains 
alx)ut 54 per ceiLt 1*5 pte» cent of Fe^O., and AUG;,, and 

variable amounts of gypsum, phosphate of lime, calcium fluoride, 
hydro- fluosilicic acid, arsenic, etc. ^ 

Up to 1890, the factory of H. & E. Albrecht treated about 60 tons 
of phosphate in twenty-four houra. Five large evaporation ovens, 
analogous to tho^e described, were installed, which evaporated the 
enormous amount of 200 tons of water in twenty-four hours. The 
largest of these evaporating pans was 16*6 metres (50 feet) long, 
and 6*5 metres (17 feet) wide, but it was divided into two com- 
partments by a longitudinal diaphragm. It had a capacity’ oi 
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36 qjibic metres, and yielded at one operation 55*8 tons of 54 per 
cent phosphoric acid, vapori^iing 270 tons of water with an expendi- 
ture*of 35 tons of coal, 100 kg. (220 lb.) of coal vaporized, 770 litres 
(]i694 lb.) of water (i.e. 1 lb. of coal furnished nearly 8 lb. of 
steam), and yielded 160 kg. (352 lb.) of concentrated phosjihoric 
acid. The evaporation was at the rate of 1626 litres (32 cwt.) per 
hour. 

The ovens installed at the Wetzlar factory were not so largo. 
When the acid was brought to the desired density it sometimes 
happened, owing to want of supervision, that in the parts of the 
pan most exposed to the heat the phosphoric acid was evaporaterl 
to dryness, and vitreous lumps of a greyish-blue coloi^r, partially 
diaphanous, formed. The analysis of this vitreo\is mass was very 
difficult, because it was impossible to dissolve it by ordinary nufhods. 
Prof. Krantt, of Hanover, however, succeedetl in dissolving it, by 
heating it with borax ; the analysis gave 70 per cent of 1\,0 ,, besides 
alumina, iron, lime, alkali, and hydrofluoric acid ; silica, su])posed 
to be present in huge amount, judging from the vitreous nature of 
the mass, was only found in traces combiiuid with fluorine. The 
substance thus consisted chiefly of metapUosphoric acid. In the 
evaporation of the phosphoric aci<l, the steam carries olV a great 
part of the dissolved HF and IHSiF,,. 

Manufacture nf Double Su))e?'j>hosphate. — Thi-i gn^ater ])art of 
the phosphoric acid so produced was used in the manufacture of 
double supei'phosphates. This manufacture is distinguished from 
ordinary superphosphate manufacture l)y the fact that jihosjdioric 
acid is substituted for the fiuljduiric acid. The phosplgjiti' is then 
rendered soluble according to the following ecjuation#: -- • 


HIO im 

702 


HCaIh(P(h)., 

702 


It is clear that in actual ju’actice the method of conversion is. 
not so simple, because* phosphates containing all manner of im- 
purities ar^ used, and the nature of the phosphoric acid, as well as 
that of the superphosphate, playsna preponderant role. The phos- 
phates which are the most easily dissolved by phosphoric acid, are 
sandy phosphates with a high percentage of cHrlwnate^f lime, su^i 
as Somme phosphate and Malogne phosphate. This jihosiihate is 
nyxed in the proportion of 1 ton to 4 tons of 54 per cent ))hosphoric 
acid. This mixing is done in the same manner, and with the plant, 
as that in which the phosphate is dif««)lvetl by sulphuric acid. 
To elevate the concentrated phosphoric acid and bring it to the 
mixing apparatus, either a force pump, a centrifugal pump, or 
On injector is used. The first of these pumps is sure in its working 
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and can elevate the acid to any desired height ; the second, which 
lends itself more particularly to the elevation of dilute phosphoric 
acid, is liable to stop workigg when the acid is concentrated or 
muddy ; injectors are the most convenient, but it must be remefh- 
bered that they dilute the acid V to 2" B. The ordinary appliances 
for raising sulphuric acid in manure works can, however, be used, 
viz. the ordinary “ montejus,” sometimes called the egg or air vessel. 
This air vessel is filled with acid by a syphon from a tank alongside. 
When full, air is pumped into it by one pipe and the acid rises from 
it up another pipe into the ten ton store tank overhead. Any hitch 
with the pumps described by the author means, of course, the stoppage 
of the mixing when the store tank is empty. The air vessel with 
ordinary attention gives no trouble. 

Tfie principal difference which exists between double superphos- 
phate and ordinary superphosphate lies in the fact that the latter 
is a mixture of monocalcic phosphate and gypsum, whilst double 
superphosphate only contains as impurities a veiy small amount 
of gypsum, forming essentially a monocalcic phosphate containing 
fre^ phosphoric acid in excess. That is why double superphosphate 
is less easily dried than ordinary superphosphate, and must there- 
fore be very carefully dried by artificial means. 

The process of manufacture just described appears very simple ; 
it none the less requires the control of a good chemist, the more so 
as tiie raw material used is always contaminated with impurities. 
The fallowing example will show what field of action is here open 
to the chemist. Wetzlar’s factory, of w'hich the daily production of 
double siqj^rphosphate was about 12 tons, made a product in IBHd 
containing 34»'per cent soluble in water and 13 per cent 

insoluble in water ; two years afterwards the soluble in 
water had risen as high as 43 to 45 per cent with 3'(1 insoluble in 
water. 100 kg. of phosphoric acid in the merchandise consisted 
therefore — 

In 1883 of the total of phosphoric acid 73*2 kilos soluble in water. 

In 1885 the phos{)horic acid soluble in water was increased 
to 90-8 kilos. 

As at that tinui phosphoric acid soluble in water war valued at 
0'fi5 franc the kg./iw'hilst insolubk; in acid was not generally paid 
for at all, the alx)ve improvement represents an increase in profit 
of £25 per dwy without taking into account the other advantages 
attached to the improyemetit in the working. The capital point in 
,the manufacture of phosphoric acid is to dissolve the least possible 
amount of sesqufoxide and Al^Og), because it is to their 

presence in superphosphate that its retrogradation is due. It is 
clear also that the phosphates ought to be exhaustetl as completely 
as possible to reduce the expenditure of sulphuric acid to the mini- 
mum and to leave the least amount of impurities, lime, hydrofluoiid 



THE MANUFACTURE OF PHOSPHORIC ACID, i ETC. Isp 

• 

acid, etc., in the weak solutions. Up to 1884, it was l)^lieved that 
the iSnger the action was prolonged in the mixing tank, the more 
complete was the extraction of the phosphoric acid. It was further 
believed that a temperature of 60'' tcf 80' C. or 140“ C\ (176“ F.) 
was necessary, or was at least conducive to the progress of the 
operation. Thus the acid and the water were mixed in the mixing 
vat, the heat of the reaction bringing the temperature of the mixture 
to 70“ C. (158° F.) ; the phosphate was then run in and the agitator 
was kept moving for tw'o to three hours. But this was uot a goal 
method of working. Systematic manufacturing tests have led to 
the following conclusions : — 

1. The percentage of sesquioxides in the weak solution increases 
w’ith the period of the agitation and with the rise of tepi])eraturt‘, 
the other impurities HF, H.^SiF,j, CaO, behaving in the same#way. 

2. The percentage of phosphoric acid in the insoluble residue 
is least w’hen the agitation lasts not longer than twenty minutes, 
from that time onw'ards it decreases with the duration of the agita- 
tion, hut in proportion to the oxide of iron content. Thei’e would 
appear to be a retrogradation of the free phosphoric acid, under liie 
influence of the oxide of iron, as in sii])erphogphates. 

3. The expenditure of sul])huric acid increases with the duration 
of the agitation and the elevation of the tenqieratun*. Under 
opposite conditions, the stilphuric cont(int of the “ w(*ak solu- 
tions” naturally decreases. These deductions w'(‘re arrivi'il at, in 
the course of manufacture fiom Lahn phos])horite ; aftiuwardstethey 
were generali/ed, esjiecially for viuifying the facts })oint(‘d out in 
1 and 3, which are likewise applicable to laege jihosphate. The 
results thus ascertained were apjilied immediately, in^industriiil 
practice. To diminish t4u‘ duration of tlu‘ mixing procijss was 
easily done ; to lower the t(*m]M‘rature of thi‘ mixing during working, 
the sulphuric acid was diluted with the wash water and the hot 
dilute acid passed through a tubular condenser, cooled by a circula- 
tion of water ; finally, to decornjiose the j)hosj)hat<‘ by suljihurio acid, 
half (piantities w'ere taken. (in*at advantage arises from this method 
of working, less handling, alsHition of night work by installing of 
new filter presses, economy of suljihuric acid, mon* comjilKi? ex- 
traction of flie ])hosphoric acid fi'^in the phospha,Jes, longer lib* of 
the filter cloths, and al)Ove all, obtaining a ])roduct richer in phos- 
phonc aci(^ soluble in water. This product thtn had tlje following 
composition : — 
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TABLE ^LVIL— SHOWING THE ANALYSIS OF DOUBLE SUPER- 
PHOSPHATE. 

1*^ cent. ^ 

600 
0-5 
4-5 

2*0 48*1 per cent of total PjOj. 

4*0 43*3 per cent of P.^Oj soluble in water. 

.'>•0 
20 
4 0 
00 

100-0 

But all the manufacturing problems were not solved. An impor> 
tant point is the exact deternnnalion of the amount of sulphuric 
acW required to decompose the phosphate. That amount cannot 
be fixed, except by inference from the SO.j in the weak solution of 
a preceding operation, and to determine that it is necessary to 
make a quantitative analysis. If a sufficient amount of acid be 
not used the solution contains lime in excess, and after evaporation 
it ifi often converted into a thick liquid, which it is impossible to 
work' in that condition. This drawback is remedied by introducing 
more sulphunc acid, but it would be l)etter not to use that expedient 
owing to Hfie disengagement of hydrofluoric acid fumes. Another 
dsawback wh’ch arises from a deficiency of sulphuric acid, is that 
the extraction of the phosphoric acid is incomplete. But an excess, 
of sulphuric acid causes even gi*eater drawbacks. In fact, if the 
phosphoric acid solution, with excess of sulphuric acid, be evapor- 
ated, it becomes inactive towards the phosphate which it is intended 
to dissolve, which is likewise the ca.se with too concentrated sul- 
phuric acid. The phosphate is in this case not attacked by the 
acid, and the manufacturer is in a dilemma as to what to do with 
this dilute mixture of phosphate and phosphoric acjd. At the 
Wetzlar factory, when this mishap occun-ed, the phosphoric acid 
was absorbed by powdered peat, in the ratio of three to one ; this 
•product contained about 33 per cent of and when it could 

not be sold directly, it was afterwards mixed with double super- 
phosphate. When finished, the percentage of phosphoric ayid 
soluble in water was thus considerably increased, but at the expense 
of its physical properties. ^ 

Afterwards, a very simple way was found to restore the activity 
to phosphoric acid which had become inactive. All that has to 
be done is to treat it with finely powdered quicklime. But phof- 


Monocalcio phosphate 

CaH,(r(hh 

Free phosphoric acid H^PO^ 
Diealcic phosphate Ca-^HafPO^b 
Tribasic phosphate 
(Phosphates of iron and alumina 
FePO^AlPO^ . 

Hydrated sulphate of lime 
CaHO;2HjO 

Magnesia, silica, Humine . 

Sand, etc. • . . . . 

Moisture • . . . . 

• 
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phoiic acid so treated does not behave like normal acid in the 
course of the work. As already stated, the residual gypsum left 
in t^e filter presses forms a very cupil)ei'Some waste product. It 
contains 40 to 50 pel* cent of water. It is run on to a heap. In 
summer it dries on the sig-face, it is then turned over witli the 
plough, and passed through a ('arr s disintegrator, and market«‘d 
as a powder. In wet years it is dried in a simple drying machine, 
when there is an outlet for it. This product is known in commerce 
as phosphatic gypsum ; it contains fiO per cent of gy])sum and .‘1 to 
4 per cent of phosphoric acid, of which 1 ])er emit is soluble in 
citrate and 0*25 soluble in water. It appearml that this gypsum 
could be specially adapted as a pres(‘rvativ(‘ agent ot tin* fertilizing 
principles of farmyard manure, for which ])urpose it hiw^ l>een jiro- 
posed to spread it in stabh's and on farmyard manune * This 
use is very rational, for preci}utated gy])sum reacts vi'ry readily 
with the ammonium carbonate of farmyard dung. Rut it is clear 
that this material cannot b(‘ar heavy friMght charges, since its sidling 
])rice is almost entirely absorbed by drying expenses and loading. 

It is easy to understand that to a factory which jirodnces 100 tbns 
of phosphatic gy})sum a day, the sale of this wasti' is of no great 
importance in iisidf, wliilst the handling of it and its stoiage form 
a big item in the general ex]H'nses account. Thus th(‘ Wetzlar 
factoiT was obliged to ])urchase a piece of land for d0,0()0 marks 
(Jtl500) for this ]nnpose and to instal on it an aerial convi'yer M a 
cost of 10,000 marks (USOO). 

It has already been si en that doulili* su])erj)hos])hat(‘ must 1 mi 
dried artificially. The ])rinci])le of this o])eiution consistiin passing 
over the substance a larj^a* volume of air at a unifort/i tenji)erati^e, 
the degree of which depends on the su})eiphos]»hate. The dryers 
installed at first fulfilled none of these conditions ; the })r(>duct ob- 
tained therefore was veiy unequal, one ))art being superheated and its 
phosphoric acid j)artiairy retrograded. To imi)rove the drying ])lant 
experiments were undertaken to find the limit of temperature at 
w“hich the jthosphoric acid ceased to retrograde. These, researches 
were made on Lahn doubh* KU])erphoKphat(^ and gave quite unex- 
pected results. Up to 120“ C. (24H“ F.) the content of phosphorio 
acid soluble in water underwent n:> modification. i4 even a])preciably 
increased between 120' C. (24H“ F.)and 170“ U. (d.'lH' F,), and it is 
only abo\-% 170“ ('. that the objectionable retTogradation occui'rea. 
At first sight one would be inclined to explain this fact by inferring 
that the and CaJI^fFOj^ are at alow temi)erature in a. 

state of equilibrium in superjdiosphate, but react biu* on the other 
at a high tem})erature to form It was then a question 

of realizing this temperature of 170 ' in actual practice. Rut this 
problem is a diflicult one and does not appear to have ever l)een 
ferfectly solved. It will be seen in the se(|uel that double super- 
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phosphate made from Li6ge phosphate behaves in quite a diff^ent 
manner; not only is there no increase in the phosphoric acid 
soluble in water, but retrogjadation commences as soon as^ the 
drying temperature exceeds 120“ C. The true cause of that dififerenoe 
in the behaviour of the two superphosphates has not been ascer- 
tained, but it may be concluded that each phosphate has distinct 
properties of its own, and requires to be treated in accordance ^ 
therewith. It is the phosphates poor in sesquioxides which work 
best, such as Florida phosphate which is used in a Swedish factory. 
The crushing of the dried superphosphate is done in a Carr’s 
disintegrator, like an ordinary superphosphate, and presents no 
difficulty. , The plant required for making 7^ tons of 55 per cent 
phosphoric* acid is the following : — 

4 lo 5 filter presses. 

1 large and 3 small mixing vats. 

2 centrifugal pumps. 

3 force pumps. 

Cooling and dilution plant. 

‘^fiulphuric acid store tank, 10 cubic metres capacity. 

35-40 per cent sulphuric acid store tank, 20 cubic metres 
capacity. 

2 sulphuric acid measuring tanks. 

2 wash water tanks, 15 cubic metres ca])acity. 

'Dilute phos])horic acid tank, 40 cubic metres capacity. 

Concentrated phosphoric acid tank, 10 cubic metres capacity. 

Force pump for concentrated phosphoric acid. 

Oven t)r drying the phosphoric acid. 

•* Lead piping. 

1 steam engine 25 11. F. with shafting. 

As mentioned at the outset, the phosj)horic acid industry has 
lost much of its iin])ortance. Of twelve large factories at work 
twenty years ago. there are only four or five .still at work, which 
also mak(! various kinds of phosphates, of which a few' w'ords will 
now he said. ^ ** 

Manufacture of Superphosphate of Potassium and Avimonium. 
— The oldest and the most im])ortant of the phosphoi ic.acid deriva- 
tives is the noutrul })hosphateof codium, Na-JIFO^, w hich occurs in 
the form of beautiful monoclinic crystals consisting of 20 per cent 
Na^O. 20 pee cent itor,, and (>0 ])er cent of water, and caci therefore 
he prepared (Misily in the pure state. The phosphate of sodium is 
not employed as manure, but rather the phosphate of potash an4 of 
ammonia about to be descnhed. The manufacture of phosphates of 
potassium and ammoniun^ presents difficulties, especially that of 
potassium, owing to its weak crystallizing power. From that point 
of view, the inono-ammoniuin phosphate which is the 

most stable of all the phosphates of ammonia, behaves much l)ett6*’. 
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It (rystallizes without water of crystallization in l)eautiful tetmgonal. 
prisms with a pointed apex. The acid phgsphates are genemlly very 
dififtult to filter when they are neutmlized with soda. Now as 
the pure non-ammoniacal phosphate is much less used as a manure 
than the impure phosphate of ammonia, the manufactiut* of the 
latter furnishes a pure ammouiacal salt as a secondary pmduct. 
The most simple process to manufacture phosphate of ammonia, as 
well as sulphate of ammonia, is to use gas liquor, working with the 
w’ell-known apparatus of Feldmann. The salt is not separated from 
the muddy precipitate obtained, which is likewise used as manure, 
hut there forms at the surface fine crystalline efilorescences of 
NH^HaPO^, W'hich it is easy to collect apart and to ])Ui*ify hy fresh 
crystallization. In order to prepare in the same manner % crude 
phospho-potassic manure, potash must he employed as the raw 
material, but that is too dear. Nevertheless, in 1892, tlie Biehrich 
factory produced small quantities of phosphate of potash, hy satura- 
tion of potash with phosphoric acid, although the jiroduct was of 
had quality (much insoluble PoOr, and 11^0). , 

Manufacinre of Sulpho-pluysphates. — During this period chemists 
tried new methods of manufacture. At thaf time Dr. Paul Wagner, 
1892, published his pamphlet on the use of chemical manures in 
horticulture, suggesting the manufacture of pure and concentrated 
chemical manures. This idea was taken up by H. Albrgcht, 
director of the Biebrich factoi*}, which hencelorth manufiystured 
phosphates of potash and ammonia and nitratt* hy mixing the 
ingredients in different proportions. .As a matter of fact, an iihjiure. 
jihosphate of })otash was known as early as IHHfi, hut^its contimt 
of sulphuric acid rendered it unfit for the purposes to which such 
mixtures are applied. This product is the sulpho-phosjihate of 
potash which was at fimt madt* hy Meyer, as well as an analogous 
product, the suljiho-phosphate of ammonia. 

The sulpho-phosphates are interesting from several jjoints of 
view, and jiossess such valuable properties that there is reason 
to inquire why agriculture and the chemical manure trade do not 
make more frequent use of them. So long as the. Wcdzlar.factoiy 
was at wo>k, it produced gi eat quantities intended chiefly for export 
to the Dutch Kast Indies, hut from that time tfley have not been 
heard of. If equal parts of 50 per cent pljpsphoric acid and^ 
sulphate 8f ammonia or suljihate of potash l*e mixed together and 
heated to 80 the components unite to form a dry pulverulent salt, 
an additive product of the two substances being fgrmed 

(NHd..SO, + H,PO, = NH,HSO, + NH^H^PO, 

k;S 0, + = KH86, + KHjjPO, 

The products contain respectively, 25 j)er cent P.jO,, and lO O N, 
rfnd 24 per cent PjOr, and 27 K.^0. The |jhosphoric acid is present 
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■ in a condition almost entirely soluble in water. The percentage of 
sulphuric acid is about ^0 per cent. (It may be remarked a» 
peculiar that an analogous «ompound cannot be obtained irom 
soda in this way.) The manufacture is exceedingly simp^o. 
There is dissolved in the “weak solution,” obtained in the 
manufacture of phosphoric acid, an equivalent quantity of 
alkaline sulphate, viz. 100 for 55 P ^,05 and 100 K 2 SO^ 

for 48 P20r,, and the solution is evaporated until the boiling-point 
rises to 110" C. (230" F.) for the potash salt and 140° C. (284° F.) for 
the ammonia salt. Finally, the hot mass is run into a cooling beck 
and agitated until it solidifies. This process is much more simple 
and cheaper than that of making double supeqjhosphate. It is 
well t|>take into account the advantages which the sulpho-phosphate 
possesses in virtue of its acid nature. It may be used in large 
quantities in calcareous and heavy soils, either alone or mixed with 
basic slag or powdered lime. VVe know that in virtue of its high 
lime content, basic slag cannot be mixed either with ammoniacal 
salts nor with superphosphates, for in the first instance there would 
be a loss of nitrogen, and in the second of phosphoiic acid soluble 
in water. Now, not ohly does the mixture of basic slag with the 
sulpho-phosphate of ammonia exclude losses of this nature, ))ut it 
also has the effect of increasing the percentage of phosphoric acid 
soluble in water. Accoi'ding to experiments made on this subject 
this ivcrease reached 13 ])er cent of the total phosphoric acid in the 
mixture. Another advantage arising from the acid character of the 
Hulpho-phosphates residt^s in the possibility of using particularly 
im^pure pHOsphates such as those containing oxide of iron and 
alumina. It is precisely this fact which will bring the sulpho- 
phosphates into goo<l repute some day, when the abundance of pure 
phosphates has become a thing of the past. 

But there is a class of mineral phosphates of low content in lime, 
and tlie base of which is alumina with more or less oxide of iron. 
Redonda phosphate consists of important beds of this nature. These 
phosphates cannot be treated either by the ordinary dissolving pro- 
cess ou by the process of extraction of the phosphoric acid, because 
the latter is present in a form diflicult of attack. No\^ the manu- 
factiire of suipho-\)hosphates presents us with the means of profiting 
t'icellently ly these , phosphates which are otherwise iinutilizable, 
and therefore cheap. The method alx)ut to be described, and 
which has not previovsly been published, is based on the following 
equation : - , t 

2AirO, + 4NH,HSO, + H.,SO, = 

Al.,(80,), + 2(NH,HSO,.NH>U>0,) 

The ground phosphate is fused at a temperature of 120° to 140° (’. 
with super acid ammonium bisulphate. The dunUion of tlfis. 



THE> MANUFACTURE OF PHOSPHORIC ACID, ETC'. 105 


operation depends on the decree of resistance of tlft substance. 
Most often it requires tNvo to three hours. It is clear that the 
^vat•r evaporated in that time must be replaced. The ])hosphate 
i^ dissolved much more rapidly an*d more com])letely wlu'u the 
operation is performed under pressure and at an elevated tempera- 
ture. The plant required by this method of workin*,^ is c<*rtainly 
more costly, but the work would be more t‘xpeditiously done and 
factory expenses consequently less. 

The product so obtained is a sulpho-phosphate of ammonia and 
sulphate of alumina. The presence of the latter renders it very 
hyj^rometric and little fitted for its intended use. Hut tluue is a 
very simple method of remedyiii'^ this drawback. If an equivalent 
quantity of sulphate be added thereto it coml)ines with Aie sulphate 
of alumina to form a double suljdiate of alumina and ammonia 
(alum). A product is thus obtained which remains as dry as 
ordinary phosphate. The chemical transformation then becomes ; — 

AlPO, + 3NH,nSO, = A1NH,(S(),), -f NH,HSO,.Nn,H,P(), 

It the Hedonda phosphate contains, for e.xample, 10 jx^r C{*nt 
PA)-, one calculates thus: — • 


100 phoHphato 

112 Bulpliate of ammoniH 2 IN 

130 fiulphuric acid of oO it Hi 11. SO, 


:;42 

We thus get a manure containing in round figures ; - 

I'i'r crnl. * 

Nitrogen , . * H-0 

r,,0, total 13-0 

rj),^ solnblfi in water II -I) 

In manv cases it wouKl be advisable to replace a portion of tht*, 
nitrogen by potash. This substitution is (‘asily effected. It suffices 
to replace; the sulphate of ammonia by sulphate; of ))Otasb : 

J^lPO, + 2NHJIS(), ^ KHSO, - A1K(S(),)„ ' 

+ NII,IP-(^,.NH,II..PO, • 

The addition of potash in ejuantity greate;r ^han that re*(pjired*lo 
combine with the alum complicates the work. It is cl(‘ar, more-over, 
that one can likewise cond)i!)e with this process the production of^ 
aluminate of potash ; the exi)e‘nse adherent to ^vaHhing, evajiora- 
tion, and crystallization ap|>ears to 1 ) 0 ^largely covered by the sale 
of the sulphate of alumina as a current article of commerce, whilst 
the richness of the manure coulei be increased at will. 

By working as described, it is easy to utilize Redonda phosphate 
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up to 90 per-cent. As already mentioned, the sulpho-phosphat^ of 
potassium does not combine the conditions required in a concen- 
trated potassic manure, ^ts sulphuric acid, amounting to almost 
30 per cent, must be removecf. Lime provides the easiest meaq^ 
of doing this. It has been proposed to combine monocalcic phos- 
phate with sulphate of potash, but the process is not applicable, 
because the gypsum is precipitated in the form of very attenuated 
crystals, which render filtration impossible after evaporation. But 
if lime in an insoluble form be used, i.e. as carbonate, and if it be 
made to react on the dissolved sulpho-phosphate of potash, the 
gypsum is precipitated in a coarse state, and its elimination from 
the liquid by filtration presents no difficulty. The free sulphuric 
acid of the. sulpho-phosphate combines with the lime to form 
^psuoi ; by addition of phosphoric acid, the K 2 SO. is transformed 
into KHSO 4 + oisulphate is in 

its turn removed by CaC 03 . these reactions is repre- 

sented by the following equation : — 

KgSp^ + 2H3PO, CaCOa = 2KH2PO4 -f- CaSO^ -1- CO^ -H U.O 

However, these reactions are not effected in the simple manner 
shown alx)ve. Thus the direct action of calcium carbonate on phos- 
phoric acid is to form insoluble phosphate of lime. If it is desired 
to treat a solution of potassium sulphate in dilute phosphoric acid 
there would be a considerable loss of phosphoric acid. Moreover, 
the washing of the precipitated gypsum containing P.^O^ and the 
evaporation of the wash water would entail great expense, sufficient 
perhaps to absorb all the profit of the manufacture. An elegant 
and^simple solution to the problem, however, has been found by the 
use of grey phosphatic chalks. These phosphates, for which formerly 
no use could be found in spite of all the researches and tentative 
trials made, contain about 30 per cent of Ca 3 (P 04 ) 2 , and a pre- 
ponderant quantity of CaCOg ; they are sold cheap. It is clear 
that, if in the process now described, calcium carbonate be added as 
phosphatic chalk, there will l)e obtained as a filtration residue a 
mixture of phosphate and gypsum, thC phosphoric acid content of 
which, although low, can be perhaps utilized for the extraction of 
phosphoric acid. And if the phqsphoric acid extracted from it is 
afterwards used in the manufacture of sulpho-phosphate of potash, 
it v.ill suffice to treat the above phosphatic gypsum in the fi,Her press 
to eliminate the adherent solution of potassic phosphate, but it 
would be useless to watSh it, because the remainder of the potassi.c 
phosphate which it contains returns to the process by the exti’ac- 
tion of the phosphoric acid. In this way the small amounts of 
phosphoric acid precipitated by the chalk wrould also be utilized. 
This detail also brings out better the advantages resulting from the 
use of phosphatic chalk in this case ; in fact the amount of phos-,^ 
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pholic acid precipitated is exceedingly small, l^eciviise the converaion 
is effected in a less violent and more regular manner. Another 
very^isagreeable drawback due to th^ carLonate of lime, is obviated 
bousing phosphatic chalk ; it is the entrainment of soluble potash 
by the gypsum sludge, owing either to the formation of a double 
phosphate of calcium and potassium or to adsorption. The pro- 
cess just enunciated was the subject of a patent delivered to 11. 

E. Albrecht ; it is applied on the large scale at the Biebrich factory, 
in the manner about to he described. 

There is run into a lead-lined vessel, htt»Ml with an agitator, a 
measured quantity of a 10 per cent solution of phosphoric acid, in 
which a corresponding quantity of sulphatt' of }>otash is dissolved. 
Afterwards, whilst constantly stirring the mixture, but without heat- 
ing, the calculated quantity of pulverized phosphatic chalk isftlowly 
incorporated. When, after about an hour, the conversion is accom- 
plished, the phosphatic solution is separated from the residue by filter 
presses, and the liquor evaporated to a pasty consistency by stean^ 
heating. The dry salt is afterwards obtained, lit to be centi’ifuged 
by dning it in a special chamber heated by steam at a Uunperature 
of 70*’ to 80*’ C. From the filter presses, Uie residue falls directly 
into a second mixing tank with agitator, likewise lined witli lead, and 
containing the quantity of sulphuric acid lU'cessary to decompose 
the phosphate. When this decomposition is comph^to, the residue 
is separated from the liquid by means of the filter pr(*ss, comnldling 
the extraction this time by washing, for the w'ash water afterwards 
sen’es to dilute the sulphuric acid. The filtrate, which consists of a 
mixture of phosphoric acifl and })otassic phosphate, flows from the 
filter pr(‘ss directly into the first receiver- mixer. The ]noduct thus 
obtainwl contains 38 to 40 per cent of almost entirely soluble 
in water, 31 to 33 per cent of Iv,(), and in addition a few per cents 
of sulphuric acid, lime, etc. 

The Salz Werke Co., Neustassfurt, have likewise succeeded in 
producing a pure and concentrated phosphate of potash from 
potassium chloride. The experiments made by this company led 
to quite an unexpected result, it is known that the metaphosphate 
obtained liy the decomjx)sition of potassic chloride, by phosphoric 
acid, at the temperature of fusioi, is by itself completely insoluble 
in water, and even in acids. Now' it has been found that by cooling 
it suddenly, it is converted into a modification very soluble in W'ater. 
The decomposition is effected in a muffle furnace for the prepara- 
tion of phosphate, the evolved hydrochloric acid is condenstid, and, 
the liquid metaphosphate flows })oiling from the* oven direct on to 
cold plates, in a thin layer. After enwhing, the product forms a 
dry salt easily preseiwed and containing 50 jier cent FjjOr, and 45 
per cent K^O. Although phosphate of potash, and similar con- 
centrated manures, have not assumed, in agriculture, the importance 
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that was at first anticipated, especially for cereal cultivation, <Iihey 
have none the less a f^reat importance in certain special cultures, 
and above all in the (’olonies, owing to freight charges, whicK' are 
heavy. Their rational use in horticulture likewise presents vwv 
great advantages which will eventually he appreciated. Here is an 
example : In the garden attached to the mansion house of Biebrich, 
in 1892, phosphate and nitrate of y)otash was applied to the rasj)- 
lM!rry plantations with the object of obtaining a heavier and an 
earlier yi(;ld. The success was such that the gardener of the 
mansion house had already sold £15 worth of fruit collected in the 
scjuares so treated before th<i ras])berries in the plants cultivated 
without manure were ripe (end of April). Now the amount of 
fertilizer usud hardly came to the value of Is. 

Jimtlphatr, Superphitsphate . — It now remains to say a word 
about another product not previously described, i.e. the bisulphate 
8UpeiphoH])hate. Bisulphate, as is well known, is a by-product 
of the manufacture of nitric acid (nitre cake), and finds liardly any 
use. except in glass works and in the manufacture of Glauber’s salt. 
Bui it is difficult to sell, and it is sold at a very low price, for the 
local authorities forbid rt being run into streams. Dr. Grueber tried 
to utilize it in tlu; rnanufactuie of superphosphates. By mixing 
500 kg. of bisulphatt! with 150 kg. of Alg(;rian ])hosp}iate he ob- 
tained a sup(U’])hosphate, but the proiluct was very deliquescent 
beciluse it wanted the water of constitution nec<‘ssaiy to the forma- 
tion ol' sulphate of lime. Di*. Griudan* remedied that by adding to 
the ])hos])llat(^ (>() kg. of water. Ih^ thus obtained a dry superphos- 
phate, with 7 to H ptu ccMit. of soluble phosphoric acid : the addition 
of 'a small amount of .Algerian j)hosj)hate enabled it to be passed 
through th(‘ centi'ifugal crush(U’ and thus it was obtained in a pul- 
verulent form. As all manure factories re(juire ])oor suj)erphos- 
phat(‘s to adjust the analysis, this j)roduct would thus readily find 
a use. 

l^hoapjiatir Peat. — It now remains to describe a manure in 
which the phosphoric acid is pretsent, not in chemict}il combination 
hut in sim])le, admixture -wt; mean phosphatic peat. In 1892 
the Society of German .Agriculturists greatly lecomnLcnded the 
manufacture of this product as a niicrobicide, as a preventative of 
epidemics, and suitable for rendering both human and animal 
excreta inofl’ensive. ^riiti first exjxuiments made in this'direction 
with hydrochloric and sulphuric acid did not yield satisfactory re- 
sults ; hydrochloric acid is too volatile, while sulphuric acid carl)on- 
izes the fibre of the peat, so that.it is difficult to use more than 
2 percent in the mixture. ^ Phosphoric acid has not either draw- 
back, and there is nothing therefore to prevent phosphatic peat 
being prepared with 10 to 15 per cent of 1\.0,. Experiments on 
a manufacturing scale, and application of this product, wore made 
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in 1^93 by Dr. Meyer, ^vho, moreover, exhibited sampl(*s at the 
«how of the German Society of Agriculturists, wlio made him an 
^iwar^. There is no doubt that phosj^hatin peat possesses the pro- 
peiiies which recommend it, more particularly for spreading on 
farmyard dung in stables. The excrements of animals commence 
to decompose as soon as they are evacuated, and this decomposition 
, is accompanied by a considerable loss of nitrogen. The addition 
of the phosphoric acid not only retains all the nitrogen in the 
manure, but also enriclies it. It also dt‘stroys the germs of infectious 
disease, typhus, cholera, etc., as the ex]H‘riments of Fraenkel, 
Klipstein, and Burow have shown. Klipstein formally declares 
that phosphatic peat behaves better in this way than,sulphated 
peat, W’hich he had prepared with 10 per cent of snl])huric acid. 
The manufacture of phosphated peat is vcny simple,. The* pfat is 
made to absorb the (piantity of hot phosphoiic acid diluteil to the 
* desired strength. Prepared pt'at or crude peat may be \ised. In 
the latter case, the peat should be j)assed through a slicing machine 
and then through a press. This industry should he prolital)K\ To 
obtain the phosphoric acid the most impure ])hosphates, otherwfkt^ 
of no value, can be used ; moreover, the phoi>phoric acid absorbed 
by the peat retains its solubility in water. On the other hand, it 
should not be very diflicult to create a market, since ))eat has Ixh'ii 
employed for a long time as litter, as well as other additional matter, 
i.<.*. gypsum from superphosj)hateH, which is s])read in the stabtes. 
But there is no substance of this nature which ])ossessiis the*anti- 
septic properties of phosphatic ])eat. It njtains th(‘- nitrogem, 
destroys infectious germs, absorbs urine, purilies the air^f stables, 
amplihes and enriches farmyard manure. The use of phosphatic 
})eat for the disinfection o*f fiecal matt(‘r constitutes a problem more 
dilhcult to solve. The main obstacle is the system of water carriage 
ihat all large towns have adopted to free themselves of thinr excrijta 
in a radical but far from economical manner. In small towns 
(there aie some in Germany where, the us(^ of ])hos])hatic peat is 
obligatory) its purchase, its us(;, and the sale of the human manure 
vmdei' the control of the authorities, to })revent fraud, jnesent real 
ditliculties. #But on large estates which have the use of the manun* 
in their own hands, the use of yhos])hatic ])eift would lx; very 
rational in so far as one could then econoini/.e the cost of diyinj^ 
But if it Ijlj desired to dry the manure, plant*similar to that us(*a 
for drying poudrette may be used. The manure, consisting of fu*cal 
ma<»ter and phosphatic |x?at, after desiccatfon forms a manure 
analogous to guano. It does not give oil any bad*odour, and con- 
tains 4 per cent of N, 4 5 per cent P^Qr, (1 soluble), 1 pei- wmt 
potash, and al)Out 45 per cent of peat. 



APPENDIX. 

THE MANUFACTURE OF PHOSPHORUS IN THE ELECTRIC 
FURNACE. 

In a receut publication of the United States Geological Survey,. 
enlitKjd “ The Production of Phosphate Rock and Phosphorus in 
1906,” G. W. Stose gives an interesting summary of the progress 
made in phosphorus manufacture, and points out the role which the 
electric furnace has played in this development. Formerly phos- 
phorus was only extracted from bones and other organic matter. 
It ‘is only ouite recently that it has been extracted from mineral 
products. First of all^ phosphorus was extracted from phosphatic 
rocks, such as the impure fluophosphates of calcium, with which 
the superphosphates used in agriculture are generally made. 
Apatite, which is a fluophosphate or a chlorophosphate of calcium, 
wan only used to a slight extent in Europe or in Canada. Quite 
recently wavellite (phosphate of alumina) has been used as a source 
of phosphorus. It is furnished in suflicient quantity for the purpose 
by deposit^ situated at Mount Holly Springs (Pennsylvania). The 
oU process of phosphorus manufacture which was in use in the 
l)eginning of the nineteenth century is aS follows : The lx)nes are 
burnt, then ground ; the hone ash or phosphate of lime is treated 
with a suflicient quantity of sulphuric acid to convert the whole or 
a part of the calcium into calcium sulphate and the phosphorus into 
raetaphosphate of calcium or even into phosphoric acid, which ia 
concentrated by evaporation, mixed with wood-charcoal and reduced 
by heating in a furnace in a fireclay retort. The vapour of phos- 
pnoruS and carbonic oxide are given off. The phosphoi-us which 
IS condensed under water has waxy appeamnce and yellowish, 
colour. Theoretically the reaction should be : — 

2Ca,(PO,).. -f GH.SO, -f IOC = 

GCaSO, -f lOCO -F P, + GHgO 

Practically, however, it is found that the following reaction lietter 
represents what occurs 

3Ca3(PO,), + GHjjSO^ -F IOC = 

GCaSO, -F Civ,(VO,). + lOCO -F P 4 + 6H..0 
. (170) 
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In this^rocess the loss due to destruction of the retorts by Sulphuric 
acid and by the great heat is considerable. Only a portion of the 
phosphorus, therefore, present in the chargels recovered. There is 
also^the danger of the phosphorus inflaming when withdrawn, 
and it is necessary to take the greatest care to prevent the phos- 
phorus condensing in the tubes and obstructing them. Numerous 
improvements or alterations of this process have been patented in 
recent years. Woehler was one of the first to heat phosphate of 
lime as it occurs in bone ash or phosphatic rocks with silicious sand 
and charcoal without resorting to the sulphuric acid treatment. 
Wing’s patent, 1891, is based on the same principle. 

Wings Process . — In Wing’s process, bone ash or pulverized 
rock phosphate and silica are moistened and made into balls which 
are placed in layers alternating with layers of coal in a cuWloi. 
The coal yields the incandescent carlxin required for the reduction 
^f the phosphoric acid. The silica expels the phosphoric acid from 
the phosphate as anhydride, which is reduced to the condition 
of phosphorus by the incandescent carbon and the reducing atmos- 
phere. The vapours pass to condensation chambei's ke])t at K 
temperature of 500"* F. (260“ C’.), in which tl^ greater part of the 
phosphorus is deposited as red phosphorus and the remainder in 
a water chamber as white phosphorus. The process is continuous, 
the charge being introduced at the top through the furnace mouth,, 
the residues are evacuated by the grate at the bottom, and t\fo- 
condensation chambers are used alternately. • 

In using the ordinary furnaces this method was found imprac- 
ticable owing to the high temperature necessary to treat ^ ehai ge 
as refractory as that just indicated. It is well known tliaW 
electricity can furnish theliigh tempei-ature necessary, and it was 
well imagined that it ought to solve the problem, but manufacture 
by this process has only become possible commercially quite recently, 
since the invention of the electric furnace. Consequently, the 
process has been introduced both in Europe and America, whei e 
it enables phosphorus to be made at a profit. 

Headman's Patent . — This process, which dates from 1HB9, is 
applied in mgpt countries. The bone ash or the crude })hospTioric 
acid is mixed with ground coal ^r wood-charc«al. If raineial 
phosphate be used it is roasted, pulverized, and mixed with wood- 
charcoal, siiica, or a basic salt. The mixturtf is reduced in ar^ 
electric furnace working continuously in a reducing atmosphere. 
The^urrents brought by retort carbon electrode^ traverse the charge 
placed between them, which acts as a resistance artd is heated to 
incandescence. The silica combines witlj the calcium to form a 
slag of silicate of lime. The phosphorus and carbonic oxide^ are 
given off as before described. The reaction commences at 1150^ 
bu4 a temperature of 1400“ C., and even 1500“ C., may be reached 
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before completion of the reactions. The reaction is the ^llow- 
ing 

2Ca,n’0,)., + BSiO. 4- IOC = GCaSiO, + lOCO + Pf 

Ilardbif/H Process, — In Harding’s process of 1898, the pulverized 
rock phosphate is heated with sulphuric acid ; the phosphoric acid 
thus separated from the lime is filtered and evaporatsd to a syrui)}\ 
consistency. It is mixed with granular retort charcoal, heated in 
a reverberatory furnace, and treated in an electric furnace, the arc 
issuing impetuously between the electrodes and traversing the 
mass. An atmosphere of hydrogen is produced by injecting 
petroleunj spirit in the form of a fine spray into the furnace. 

(iihh'a Funiacc..--h\ this furnace, which was specially designed 
for fbe manufacture of phosphorus, the electric current, instead of 
traversing the whole of the mass, passes without interruption into 
an intermediate circuit of great resistance, such as a cylinder o^ 
retort charcoal placed above the charge. This cylinder becomes 
incandescent and the aich of the furnace deflects the heat as in a 
reverberatory furnace. 

frrine's process was modified in Irvine’s 

1901 ])atent. The charge is made up as in the original method ; 
however, phosphates of alumina or calcium may be used inditlerently 
with the silica or basic flux. The two electrodes of retort charcoal 
aiti suspendtid vertically, and their lower parts reunited at the 
begihning of the operation by coal through which the current first 
passes. When the charge has melted, the slag formed collects on 
the to]) riHiuites the two electrodes; that is, henceforth it is 

trfirough this slag that the current passes. The fusion is continued, 
the (‘xcess of slag is run off as it is produced, so that the extremities 
of the electrodes are never uncovered. 

Duncans Patent . — In Dutican’s process, patented in 190^1, 
seventy-seven parts of ground phosphate are taken, either of organic 
or mineral origin and twenty-three parts of ground coal, these being 
mixed with tar acting as an agglutinant. The paste is dried, and 
after heating, which is done for economy in a hydrogen flame, a 
by-product of the manufacture, the product is placed ia. an electrical 
furnace ; this continuously produces phosphide of calcium. This 
phosphide, in contact with water in an atmosphere of hydrogen, 
'jfives off hydrogen J)hosphides which, when heated, ai^j converted 
into red and white phosphorus according to the temjjerature at 
which condensation is effected. \ 

Parker s Patent . — This process, which was patented in Great 
Britain by Parker in 190^, concerns the treatment of phosphate of 
aluminium. This phosphate is treated with sulphuric acid, then 
with a sulphate capable of forming an alum with the sulphate of 
aluminium, which is produced. All the alumina is separated tby 
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crystallization of the alum, and before the electric treatnient. The 
residual liquid is mixed with coal or other substances rich in 
carboff; and reduced in an electric funi^ce.* 

iiandis Method . — The American Phosphorus Company of 
Philadelphia possesses a factory at Yorkhaven where phos})hoi us 
is extracted from wavellite, usin*,^ a method designed hy (J. C. 
Landis, the company’s chemist. The process, which is ke])t secret, 
is, as far as can l>e ascertained, analogous to that of lieadman as. 
regards the mineral and the furnace. The wavellite (phosphate of 
aluminium) and the phosphate of calcium are roasted, mixed with 
silica and wood -charcoal, and reduced in an electric furnace which 
is one of the subjects of the invention. In -lanuary, 1907# a patent 
was taken out to protect certain improvements in the furnace, wi h 
the view of preventing the escape of gas or vapours or their ahfoi ])- 
,tion hy the lining of the furnace. This is realized hy the use of a 
second exterior lining made of non-ahsorhent bricks, and hy tiu> use 
of hydraulic joitits for closing all the apertures of the furnace. The 
furnace is fitted with an interior lining of bricks of retort charcoal 
acting as electrode ; there are also several vertical eh‘ctrodes of 
same material, whicli can he regulat«‘d either^o establish a cun’ent 
through the charge or to form an electric arc. The slag is run oil 
every three or four hours ; the phosphorus vapours are condensed 
under water. It is v(‘ry probable that it would be necessary to re- 
sort to a supplementary treatment to eliminate th«i alumina con- 
tained in the charge, and that the treatment is analogous to*ihat 
used in the Parker process; this point, however, is kept secret. 

The phos])horus made by the greatiu* number of the lindustrial 
processes is a crud(? whi^e jdiosjihorus having the a))pearanc(^ of 
yellow wax, containing sand, charcoal, clay, and otlier impurities. 
These impurities are removed in dillerent ways, either by filtering 
the fused phosphorus under water on wood-charcoal or thiough a 
cloth, or by pressing by means of steam the fused mass through 
porous porcelain, or by redistilling it in iron retorts. The best 
method of purification, howeyer, is to treat the crude fused 
phosphorus, either by a mixture of bichromate of })otaHh.and 
sulphuric atid, or by hypobromite of sodium. Some of the irn- 
])urities dissolve, the others collect^is a scum wllich floats to the 
surface of the fused phosphorus. Owing to ds highly poisonous 
nature, and the danger in manipulating white plios))horus, attempt 
have been made to produce it in another form. Ked })hos))horu8, 
which is not poisonous, is (‘asily prepared hy heating to 2/)(P C. 
the white variety in an inert gas in a closed vessel. It, however, 
has not the same properties as the crysUlline white phospliorus. 
A crystalline variety of red phosphorus, recently discovensl \i\ 
Germany, is obtained by heating to l>oiling a 10 jier cent solution 
oP white phosphorus in phosphorous tribromide. This variety is. 
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not poisonous, and advantageously replaces white phosphdlus in 
the manufacture of matches. The phosphorus industry is so recent 
in France that it is very difficult to get statistical figures ; mdfeover, 
information is meagre on the state of the industry in other counlTfies. 
The world's yearly production has been estimated at between 1000 
and 3000 tons ; up to quite a recent period this manufacture was 
localized abroad. The greater part of the world’s phosphorus* 
<;omes from the factory of Allbright Wilson of Wednesfield, 
Oldbury, England ; it was there that the Readman process was 
developed. Its annual production may be 500 tons. There are 
-other big factories at Lyons, France, at Griesheim and at Frankfort, 
German}!. There is likewise a factory in Sweden, and others, small 
and numerous, in Russia, of which six, situated near Perm, pro- 
duced alx)ut 140 tons in 1890. In the United States, the first 
phosphorus factory was constructed forty years ago at Philadelphisi^ 
by Moro Phillips ; this establishment is still at work. The factory 
of •!. .1. Allen A Son was found(id at Philadelphia in 1891, and in 
•competition with imported phosphorus has furnished for a long 
time the phosphorus required by the Diamond Match Co., the 
largest match factory*in the United States ; but in 1897, the firm 
of .\lll)right Wilson, under the trade name Oldbury Electro- 
(/hemical ('o., erected a factoiy of 300 FI.P. working the Readman 
process at Niagara Falls, and it is this factoiy which up to now 
has ^supplied the Diamond Match Co., and furnished the greater 
part* of the phosphorus produced in the United States. Recently 
that company lias brought a new' improvement to bear on the 
manufackire, installing Ii-vine’s furnace, by means of which 80 
It) 90 pel* cent of thci phosphorus contipned in the raw' material 
used can be extracted, which is a high strength rock phosphate. 
This result is comparable to that which the English factories 
obtain, extracting H() per cent of phosphorus. There are six 
furnaces of 50 II. P., each with a production of 170 lb. of phosphorus 
per day, say an average total of 1000 lb. of phosphorus manu- 
factured daily. The production varies according to the demand ; 
however, the factory turns out at the present time half of that 
which is produced in the United States. • 

The General* Chemical C'of has recently acquired Duncan’s 
patent, and another company is installed at Long Island, w'here 
they utilize for their furnaces the current which is distributed in 
the town. ^ 

The American Phosphorus Co. made its first installatiort at 
Moore’s Mill, near to Mount Holly Springs, Pennsylvania, where 
there is a mine of wavelUte, which it possesses. The old method 
of heating by gas is used. The factory having been destroyed by a 
fire, another w'as constructed and started in ^larch, 1905. Electric 
furnaces W'ere installed and w’orking during 1905, but the production 
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•of electricity by means of steam engines was found too costly, and 
in 1906 the factory was transferred to Y^rkhaven, Pennsylvania, 
wher^ electricity yielded by water-jjpwer could be used. This 
company announces that it produces MO Ib. of phosphorus a day, 
and that it could produce 1200. The census of 1900 states that 
three factories were at work in the United States, but that of 1904- 
► 1905 shows only the Oldbury Electro-Chemical Co. of Niagara 
Falls. Besides the home production the United States annually 
imports 30,000 to 40,000 lb. of phosphorus, whicli pays an import 
<3uty of 18 cents per lb. 



CHAPTKR X. 

MANUFACTURE OF BONE DUST AND OF BONE SUPERPHOSPHATE 
(VITRIOLI/ED BONE>). 

( 

The use C/f hoiu* dust as a manure f'oes back to somewhat distant 
tim(?S. It rapidly extended when J^iebig advised that it should be- 
dissolved by sulphuric acid, so as to ol)tain more rapid and certainu^ 
effects. At the presfuit time this product has to compete against 
nitrate; of soda and basic slag. Moreover, certain manufacturers, 
find it more advantageous to use bones in the manufacture of glue, 
ahd to transform them into superphosphate afterwards. Whatever 
be the; method of utilizing bone*s, it is indispensable previously te* 
free; them from fat, as will be seen in the sequel. 

Ckemical CovipoHition of Bones . — The bones which form the* 
framework of vertebra;, consist like all vegetable and animal matter 
of organic e;lements, and of mineral elements or of combustible matter,, 
and* of ash. The combustible matter consists essentially of osseim 
(yi(;lding gelatine) and of fat. Bone ash is composed in great part 
of phosphate of lime. If the previously fat-extracted bones be* 
digested with dilute hydrochloric acid, the phosphate of lime is. 
dissolved, and a residue of ossein is oTitained as a white elastic 
translucent substance which consists of : — 

TAlRiE XliVTII.-CHEMIUAL COMPOSITION OF OSSEIN. 


Carbon 



Per t'ent. 

r>o*i 

Hydrogen . 



7*1 

Nitrogen . 



JK-H 

Siilphu^ . 



0*2 

Oxygen 



24-2 




10% *4 


Ossein dissolves very slowly in boiling water when bones are bailed! 
with water, and more rapidly when treated in a closed vessel under 
pressure. By prolongir\g the operation for a sufticient length of 
time the lK)nes can l>e completely freed from ossein. A residue of 
phosphate of lime is thus obtained still retaining the original form» 
of the bone. Finallv, ossein may be extracted by boiling \Wthi 

(17b) 



BONE DUST AND BONE SUPERPHOSPHATE 177 


dilute potash lye. On cooling, the solution of ossein previously 
concentrated by evaporation assumes a gelatinous consistency, and 
on di^ng it is converted into solid tajdets which are marketed as 
gl\i8. The ratio between the organic substance and the mineral 
matter in bones continually varies, not only with the origin and race 
of the animal- from which they come, but also in one and the same 
individual, according to whether the lx)nes are hard or spongy. In 
spongy bones the organic matter is higher by 4 5 per cent than in 
hard bones ; the amount of carbonate of lime is likewise higher by 
11 per cent, whilst the percentage of phosphate of lime is less by 
15‘5 per cent. It is evident that the percentage of nitrogen and 
phosphoric acid in bones is very variable. Their hyt content, 
calculated on the dry substance, is from 10 to 12 per cent. • Berzelius 
has given the following analysis of an ox l>one freed *110111 
periosteum : — 

TABLE XLIX. -ANAI.YSIS OF AX OX BONE. (BEHZELIFS.) 

Ver cenL 


Ctvrtilat'e completely soluble in water | 

VesselK ., j •• • 

Tribasic phosphate <if lime ami a little CaF., . .'♦H-sr) 

Carbonate of lime H-H.') 

I’hosphate of magnesia 2-Or) 

Soda with very slight trace of NaCl . . . 2*45 


JOO-00 

This analysis of Ixine being that of a seh'ct lione does jioi re})re- 
sent the average composition of the bones us(‘d by glue manufacturers, 
liecause the Ixmes have ‘undergone various treatments, such as 
lioiling or fermentation, which may liave altered their nature. 
Besides, Ixines are derived from (lilTerent animals. Practically 
ordinary bones received in factories respond in round ligures to the 
following analysis - 

TABLE XlilX. (aI.-AVEKAGE ANALYSIS OF BONES AS SIJFFIilEU 
TO MANURE FACTORIES. 

• Per cent. 


Moisture 12 

Organic matter ^ • 2S 

T^basic phosphate of lime and magnesia . . 44 

Fat It; 

Carbonate of lime, saml, etc. . . . 5 


Commercial bones always contain more or less moisture, 
butchers’ bones up to much as BO per cent, and they are mixed 
with other waste such as debris of skins, gut, etc. It is not easy 
12 * 
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to get 0,11 laea of the quality by analyHis owing to the difficulty of 
taking a fair average sample. The skill and experience of the buyer 
after inspection are the best guides.^ Fossil bones naturall^^iffer 
from fresh bones in their ccfhi position, thus their fluorine content 
rises to as much as 16 per cent. Miiller found 17 per cent^ of 
gelatine in diluvian bones. 

Fcriilizimj Value of Bones. — The use of bones as a manure has 
been known for a long time. They have been used for centuries 
in the manuring of vines in the south of France. Hunter, in 
England, drew the attention of farmers to the value of bones in 1774. 
In that country the use of l)one8 doubled and trebled the production 
of mediocre land, at a time when certain continental agi'onomists 
were still* protesting against what they called the spoliation 
ifyasmllage) by the bones used in fertilizing the land. England 
profited by this situation, imjiorting thousands of tons of bones at a 
very low price. .\t a certain period all the production of bones took 
the road to Great 1 Britain, altliough it had itself an enormous pro- 
duction, and in spite of a rise in freights. In 1822, the battlefields 
of/Jentral Europ(\ in themselves alone, furnished her with 33,000 
tons. 

But the introduction of I'eruvian guano, the pioneer of all other 
‘concentrated manures, completely altered the situation. There is 
not now to be found a single farmer who gives to bone manures 
hII' the credit which they deserve, even w'hen he is not indifferent 
to ot^ier manures. However, uncrushed raw bones are relatively 
valueless to the farmer, since they do not become soluble in the soil 
until after a very long time. Now, in order to obtain good crops, 
tbe farmer requires rapid decomposition of the nitrogenous matter 
and absorption of the jihosphate in the soil. The bones must 
therefore undergo an appropriate treatment. In chemical manure 
factories it is reduced to a line powder or the gelatine is extracted 
from it, and it is afterwards made into superphosphate (dissolved 
bones). The use of Ixines in any other form is to be deprecated. 
Bone waste (fleshy fibre), which can be often IxDUght cheap, should 
be similarly treated. 

Storing, Classifying, Sorting, and Crushing Bones. — Storing . — 
The first duty of, the manufactiper is to bring all his experience to 
bear on the storing of lx)nes, Iwcause when they begin to rot they 
J'ive off a smell width is very obnoxious to the w'orkmei^. Besides, 
the decomposition of the nitrogenous matter gives rise to a dis- 
engagement of ammonia, and there is thus a loss of nitrogen which 
may exceed 0*5 per cent. The drying of fresh bones requires careful 
and costly manipulations^ that is why they rest content with sprink- 

^ For further KualyaoH of bones, see “ Bone Products and Manures,” by 
.Thomas Lambert, published by Scott, Greenwood & Son, London. 
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ling them with water containing 0’05 per cent of carliolic acid or 
with* spirits of turpentine. 

C^ssification of Boies.— Market bones are classified as fol- 
lows V- 

'(1) Kitchm Bones. — These consist of ox, calf, sheep, goat, and 
some game bones. They ir.ay he fresh, dry, or fermented. They 
often contain 20 to 25 per cent of water. Dry bones are called 
country bones. Their content of moisture is from 8 to 12 per cent. 
They are generally crushed and often fat-extracted by the vendors, 
which is readily recognized by the opaque whiteness of the bones on 
the outside. Fermented l>ones enter into the class of the fossil 
bones ; they are unfit for glue-making, for the organic matter has in 
great part disappeared owing to decomposition and exposure to all 
sorts of weather. Amongst kitchen bones are to be found ^heep 
bones and those of kids, and pork bones, which are less esteemed. 
Kitchen bones generally contain remains of horns, hornpiths, hair, 
glass, scrap iron, earth, bread, etc. Hand jiicking considerably 
enhances the value of the goods. 

(2i Horse Bones or Knackers' Bones. — These* bones yield a ^ess 
valuaole glue than kitchen bones, and they have to be sold cheaper. 
Ten per cent of these bones are tolerated jfmongst kitchen bones. 
The fat and glue which they yield are inferior. 

(3) Buried Bones. — Buried bones are those of animals (ox, horse), 

which have remained a certain time in the ground to destroy, the 
flesh. They are the bones of infected animals which have assumed 
a bistre colour owing to contact with the humus in the soil. They 
are depreciated and the manufacturer refuses those with adherent 
flesh.i , . * . • 

(4) Bullocks Heads »and Canards (Sleeps Heads) pass into 
the kitchen bone class, but they are generally sold apart for the 
acidulator. 

(5) Scraps and Waste. — These are the residues of the “ turnery ” 
trade. They are in great rc<jue8t for acidulation and are sold 
separately. 

(6) Hornpiths. — They are used like “scraps” for acidulation. 

They are fresh or dry. 'The dry piths are often fermented arid are 
then of lesS^value. ^ 

Bones, therefore, in consequentie of the ditTerent material which 
they contain, are classed and assorted so thaUthe operations wh'mh 
they have* to undergo may furnish satisfactory prcxlucts. As the 
bones are most often mixed with impurities which are of a nature to 
dsrfnage the machines, it is necessary to pick or a^ort them. 

Bone Pickiiuj. — In some factories the picking is done on shaking 

• 

‘ The resurrection of the bones of infected animals is a most dangerous 
practice. The earth mould from the remains of animals which have died of 
anthrax is still infectious after twenty years. — T h. 
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tables, drivSn mechanically or by means of large sifting maclynes,, 
both appliances being fitted with wire netting having meshes of | of 
an inch. Soil and small •particles of bone fall through the g^jating, 
whilst horns, glass, and scra^ iron are separated by hand on ^he 
shaking table, or on a revolving table placed at the end of the shak- 
ing table, or the sifting machine. Generally, they rest content with 
receiving the bones on an inclined endless band, along which the 
female sorters are arranged. The band moves slowly, so as to give 
time for sorting, and its slope enables the bones to feed into the 
hopper of a bone crusher. Before falling into the crusher, the 
bones issuing from the band fall on to a narrow iron plane inclined 
at 45®, divjded into two parts soldered by a copper band. Each 
of these parts corresponds to one of the poles of a strong electro- 
magntit situated underneath. It follows that if the iron falls on the 
inclined plane it is retained, and eliminated by the sorter who had 
allowed it to pass from the band. In this method of sorting, the 
earth necessarily follows the bones into the crusher ; nevertheless, a 
certain part of the earth is removed before passing on to the band 
wlftn the man feeding uses a fork with close teeth in shovelling the 
bones which have beet) thrown on to a perforated sheet of iron over 
a pit where the earth collects. Although this earth may be removed 
in subsequent operations, it is always more advantageous to remove 
it before crushing, so as not to have pulverulent matter in the fat 
extraction and in the glue autoclaves. There is little useful matter in 
this efcrth, from which the small particles of bones are subsequently 
removed by finer sifting. They are mixed with bone meal for 
manure. 

t Bone Crushing . — Two kinds of machines are used in bone 
crushing; one working at a slow spet^, which is the toothed 
crusher, and the centrifugal crusher at great speed, as, for instance, 
that constructed by Weidknecht. It is well to have several suc- 
cessive crushers with duplicate spare parts, so that if they should 
get damaged they may be replaced rapidly. The first crusher is 
the coarse crusher, and the second the finishing mill. 

(1) Slow-speed Crusher . — This consists of two large rolls formed 
by thidk circular toothed discs with teeth a little obtuse, alternatelly 
with plain discs of the same tlpckness, but of a less diameter by 
the height of two teeth ; the discs are mounted on a hexagonal 
sfAel axis to form a rUll. The rolls are fitted up in suchra manner 
that the teeth of the one coiTespond to the circular part of the 
smaller diameter of the other. They are s^arated by the sp^ce 
required, to crush either coarser or finer. For that purpose, they 
are driven by steel cog-wheels with deep teeth, which allow a 
certain displacement. One of the rolls is on movable bearings,, 
capable of sliding if the resistance to be overcome is too great, 
being brought back to the original position by a system of springy. 
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A g8od flywheel is necessary to overcome passing obstructions. 
The crushers built by Krupp attain the •same end, and are made 
of ve^' hard special steel. There are two crushers, one following 
th^ other, fed by cup chain elevators in the case of the second 
crusher, so as to arrange two pairs of rolls on the same framework. 
The second crusher has shorter teeth, and its rolls ai-e nearer. 

• The largest pieces issuing from the second roll must not l)e larger 
than a small hen’s egg, in order to ensure subsequently a prrfect 
fat extraction. 

(2) Very Qiiick'Hpeed Machine ,. — To this class belong Weid- 
knecht’s (F.) and Carr’s. Weidknecht’s excellent crusher consists 
of a very strong framework, properly so-called, of cast-ifon in two 
pieces, the lower part or pedestal, and the upper part or hood ^these 
pieces are bolted at their point of contact. The hood is adjusted to 
i the framework, on the one hand, by a joint forming a hinge, and on 
the other hand by a screw and lx)lt joint. By this anungement 
a single workman is able to inspect the machine, or change the 
grating in a few minutes. All that is required is, by a turn of ^le 
spanner, to reverse the screw of the bolt joint, and to lift the hood 
which hinges on its axis. The bearings tire large and require 
constant lubrication. Moreover, to diminish the friction surface of 
the shaft, the plummer blocks are suppressed, and to ke(;p up the 
latei'al play they are replaced by abutment screws which ,ar(^ fitted 
to each end of the shaft and in contact with the tempered sheatha 
adjust? d consequently in the end of the shaft. 

The shaft thus maintained is filled in its middle with a jacket 
or boss, on which fixed levers are arranged, at the en(i of which 
levers hinged hammers are fixed which work like flails, the hinje 
enabling the hammer to fold itself back when at w'oik if there is 
too much feed or if a foreign body should get into the machine. 
The mobility is also intcmded to keep the machine from stopping 
if the belt comes olT, if it he not fed regularly. In fact, the hammers, 
by folding backwards, allow the fine material to pass through the 
grating arranged in the lower ]'artof the framework ; the apparatus 
being thus freed, the shaft regains its normal speed without having 
to stop. Ttve hammers thus form a fly-wheel, storing up active 
■energy. The machine is fitted on ifs interior lateral faces l)y to<jthefi 
steel plates of great hardness ; these are hekt in position by boUs 
and can tlms be easily replaced. The hood or upper part is fitted 
up in the same way on its lateral faces ; moreover, it has on th(; 
ro(ft linings, likewise fitted with projections, and Jixed by bolts on • 
the shaft is the driving pulley. The machine is in fact very strong, 
and the pieces easy to replace. There is* no heating in spite of the 
speed, for the ventilation due to the motion is very energetic. The 
fineness of the pix)duct depends solely on the dimensions of the 
gPating, which in the case of bones consvits of bars wide apart, 
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through which the hammers drive the crushed bones. A crusher 
with bars set closer acts fis a final crusher, and, as before, a ain 
cup elevator serves to feed the second with the crushed bones from- 
the first after they have been through a sifting reel. * 

It is asserted that crushers workfng by shock develop more 
heat than need be. With crushers such as those described work- 
ing at a great speed, with the bars of the grating far apart, the 
temperature does not rise more than with a toothed cylinder, for 
the ventilation is very energetic and the friction reduced by the width 
of the passages. 

Extraction of Fat from Boim . — The extraction of fat from bones 
is an indis|)ensable operation, even when it is a question of merely 
conv<yting the bones into dust for the farmer. In fact, bone dust 
not deprived of its fat is of less value, because the fat decomposes 
vei^y slowly in the soil, and constitutes an obstacle to the phosphoric 
acid becoming soluble. 

Fat may be extracted from bones by three processes : (1) By 
8in?.ple l)oiling in open pans. (2) By the action of steam in closed 
vessels. (3) By solvents. The extraction of fat by simply lx)iling 
leaves the ossein almost intact, but generally there is only obtained 
a portion of the fat from the bones. 

By extracting the fat by steam, a higher yield of fat is obtained, 
especially if the operation be continued for a sutlicient length of 
time,«but a portion of the ossein is then transformed into gelatine. 
Now, in manure manufactories this gelatine constitutes a loss and 
becomes cumbersome because it decomposes rapidly ; if it be diverted 
into a strefim, it infects the rivulets. It is best used in irrigation. 
Bone dust from bones treated by steam is more soluble than that 
of bones from which the fat has been extracted by simple boiling ; 
moreover, it is also more in request by farmers. 

But this preference is not justified, for bone dust from steam- 
extracted bones is less rich in nitrogen. The extiaction of i)one9 
by solvents (ben zone,. petroleum, ether) gives a larger yield of fat 
whilst preserving integrally the ossein of the bones ; these then form 
a powder rich in nitrogen. This process is undoubtedly to be pre- 
ferred whatever ^inay be the further treatment (manufacture of 
gelatine, or manufacture of manure). It is the only rational pro- 
cess to apply. «t 

Extraction of Fat from Boms by Water , — This process is the 
most ancient, and recalls to mind the skimming of the cook’s 
'* stock ” pot. 1^11 a cylindrical cast-iron pan a little wider below 
than above, there is introduced by means of a crane a basket of 
perforated wrought-iron containing about one-half ton of bones. 
The bottom of this basket, likewise perforated, opens in the form of 
two semi-circular parts held hy hinges on a cross-bar, dividing the 
basket into two equal pi.rts. These two doors are closed by hooks. 
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SO to bear the weight of charge. The basket is cylindrical, a 
little smaller in diameter than the pan which contains it, and 
shor^r by 4 inches. A strong circular hoop at' the top supports 
th% sheet iron, and carries four strong handles, by means of which 
the cross-piece of the crane* can lift it. The cast-iron pan is htted 
with a gutter or thi'oat, so as to separate the fat from the water in 
a continuous manner. The basket, therefore, being charged with 
bones in the fat extraction pan, water is rim in to immerse the 
bones and steam caused to bubble in the Iwttom from a perforated 
steam coil. The water, brought to aliout 100^' C. (212" F.), causes 
the fat to rise from the bones through holes in the gutter at the 
same time as the excess of water. The fat Hows constantly from 
the gutter by the horizontal exit tube, whilst tht' water in the 
lx)ttoni issues through a bent tube without taking any fat \fftli it. 
The exit of the fat may be facilitated by a superficial push, or by a 
paddle dri\-en mechanically, mounted on a v(‘rtical shaft fixed oij 
the side of the pan, capalile of being rotated and which may be 
raised at the end of the operation, so as to allow the bask(‘t to be 
freely romov(*d from the pan. The bones are extracted in this ^ay 
for al)out an hour and a half, after which •they are removed from 
the basket to the washer. In some factories the waUu' is slightly 
acidulated by an addition of sulphuric acid, 4 litics for .000 kg. of 
lx>nes (about 1 gallon for ^ ton), so as to free the gi’«^ase from its 
calcareous compounds. Tluu'e is obtain(‘d I to .0 ])er c(‘nt of fat 
according to the quality of the hones. Th(‘ same water iftay he 
made to serve for several successive operations, and finally forms 
a batch of gelatine size sufliciently concentrat(‘d for n^iking glue. 
H gelatine is not manufactured tlu‘ boilings are collected and con- 
centrated by eva])oration and add(?d to tlu‘ boiu^ dust as shown in 
the se<juel. lUit the same water cannot serv(* indefinit«*ly for fat 
extmetion. .After a certain time, it is remaik(Nl that the fat which 
it removes no longer rises to the surfac(!. Th<‘ solution assumes 
a milky appearance, which is a sign that it is saturaitid with 
gelatine and that its concentration obstructs th<^ ascent of tho 
globules of fat. It must then b(? drawn ofT and replaced by. fresh 
water. Utiless fresh lx)nes are operated on, the fat obtained on 
extraction by water is generaliy»of inferior (puility ; it has a had 
odour and is more or less dark in colour. It is i)urifi(sl as indicated 
later. • * * 

Fat Fjxtractuni from Hones hy HleavL — Fat extraction from 
bbnes by steam is performed in large cast-iron cylinders, capable of, 
containing 4 to 5 tons of crushed bones, the upp*er opeming serving 
for the introduction of the bones, the lower opening for their dis- 
charge. These openings are closed by hinged lids as in an autoclave. 
Steam enters at the top and the* fat runs off from the bottom by 
%nean8 of pipes situated near the apertuy;. Steam of from two to 
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four atmofi^fheres is used ; for one to two hours the steam carrief the 
fat with it. The condensed water, charged with fat and gelatine, 
collects in the space reseWed below' the false bottom and is #after- 
wards added in the manufacture of nitrogenized superphosphates, 
although the fat exercises an unfavourable influence on the dis- 
solving of the phosphate. This water generally contains 1 to 2 per 
cent of nitrogen and 0*3 per cent of In the concentrated state 

it contains as much as 7 per cent of nitrogen, 3 per cent of ash, 50 
per cent of organic matter, and 45 per cent of W’ater. The solution 
of fat and gelatine is withdrawn from time to time, and the treat- 
ment by steam continued until a sample of the liquid contains no 
more fat. ^o separate the two, the different draw'-offs are united in 
a wrought-iiron pan with a conical bottom, fitted with a steam 
jacket* into which steam is injected, and a tap near the top for 
drawing off’ the fat. The object of heating is to keep the gelatine 
fluid enough to allow the fat to separate on standing. When 
■separation is complete, the fat runs off' by the alx)ve-mentioned tap, 
and the gelatine is run into an evaporation pan through a valve in 
the^conical bottom of the pan. Whatever may be the quality of this 
gelatine, it may be of a(j vantage to reduce it to a marketable form 
by a series of manipulations which the author has described else- 
where. By submitting bones to systematic treatment, all the 
gelatine may be extracted, and the resulting bone dust, almost 
destitute of nitrogen, contains 35 per cent of phosphoric acid. Bone 
dust i'S often mixed with moist superphosphate to dry it. 

Some manufacturers make only degelatinized bone dust which 
constitutes |)in excellent food for animals and a very active chemical 
manure for meadows. 

The fat extracted from bones by steaifi has approximately the 
same colour as that obtained by lx)iling, but it is of better quality and 
has a less unpleasant smell. When the bones operated upon have 
commenced to decompose, as very frequently is the case, the evil- 
amelling products are in great part volatilized during the operation. 
Bang and Ruflin have suggested steaming combined with centrifug- 
ing. The fat with a little gelatine" can first be extracted in a 
centrififgal machine, then the gelatine. This process h^s not been 
adopted by bone-boilers, but it b' used in extracting fat fiom fish 
waste. 

^'Extraction of Fat from Bones by Benzine . — For a •'ong time 
efforts w^ere made in France to extract fat from lx)nes by benzine. 

^ Deiss used carbon disu'fphido, but as the bones, after extmetion with 
this solvent, yielded low quality glues, the process was al>andoned. 
In 1871, Vohl suggested Qanadol (gasolene) as an advantageous 
•substitute for carbon disulphide ; then in 1876 M. Terne took out 
A patent for extraction by petroleum benzine, in America, whence 
this industry spread to Europe. Petroleum benzine is somew'hat 
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less flangerous than carbon disulphide, and its condensation is 
easier because it boils at a higher temperature. The apparatus con- 
struct^ by Mr. Deroy, sen., for extracting fat from lx)nes by 
pet^leum benzine consists essentially (Fig. 38) (1) of an extractor 
A with a perforated false bottom, and steam coil ; (2) of a re- 



A. 


DEROY FILS AWi 



cuperator B or distilling pan ; (3) of a conde^r C ; (4) of a 
pump D for circulating the solvent. Workhuj.—Tha routine of the 
operation may be outlined thus. A certain amount of water is run 
into the extractor according to the capacity of the apparatus, so as to 
preserve the coil and the taps from the attack of fatty acids. After- 
wjw’ds, the extractor is charged with crushed^bones free from foreign 
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matter. As soon as the charge amounts to a quarter of the caf)acit}^ 
of the apparatus, the pump is started, and a beginning made by 
drenching with benzine the; bones introduced. During thf^ time 
the autoclave is charged in such a way that the solvent constantly" 
bathes the bones, which enables the interposed air to escape freely. 
When the apparatus is full the cover of the extractor is closed 
and the tap 23 on the condenser opened. The air is allowed to- 
escape until condensed benzine appears ; the tap is then turned and 
the pressure allowed to rise to kgs. on the manometre (9). 
This pressure once reached, the steam tap is closed and the ap- 
paratus allowed to rest till morning. The benzine is charged withi 
all the fat> of the bones, and the vapours are totally condensed. The- 
next mording the apparatus is emptied into the distilling pan, and 
after a rest — about ten minutes — the water, previously run into the 
autoclave, and which now occupies the bottom of the pan, is with-,, 
drawn. The benzine is then recovered by distillation and by pass- 
ing it through the condenser (', by means of the gooseneck 13, and 
tl^e tap 24 ; it goes to the reservoir E. The benzine impregnating, 
the bones is subjected to a current of steam, which finishes by 
carrying it into the drstilling apparatus. When it has been made 
certain that nothing but water passes in the distillate, the extractor 
is emptied, first opening the lid of the upper manhole, and then the- 
bottom one. The distillation is urged until no more petroleum 
ben^jjne distils. At this moment a current of steam is injected into* 
the fat by means of a perforated steam coil which carries otT the last 
traces of solvent. The fat can then be drawn off from the distilling 
pan by tluj tap 21. 

* Purification of Ihme Fat . — Fresh bque fat is naturally whiter 
than tlie fat from ordinary country bones. It is purified by treat- 
ment in a lead-lined pan, with water acidulated with sulphuric acid, 
of which an excess must not be used. The fat and the acidulated! 
water are then heated by a perforated steam coil, which agitates the 
two together. After some time the tallow shows clear and no tur- 
bidity appears in the spoon. The, steam is then shut off and the 
wholg allowed to stand. The mixture of tallow, gelatine, organie 
matter, and phosphate of lime, and of fatty acids combined with 
lime, is destroyed, the gelatine fe attacked by the acid, and the lime 
precipitated as sqlphate of lime with various impurities. After 
sunicient resting, the layer of fat is separated by meatfs of a pipe 
hinged to the di-aw-c^jT tap which is at such a level that it enables 
the pure fatty Iqyer to be run off the surface, water and sulphate of 
lime remaining behind. The purified gi-ease falls into a wooden 
vat lined with lead, wheivj it is washed several times with boiling or 
simply tepid water. After which it is allowed to stand and drawn off 
as before into casks for use in soap works or candle works. 

Bon ^ fat is often bl^acht*d as follow’s: — 
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'rt the melted fat mixed with half its volume of water, 2 5 iter 
cent of chlorate of potash is added and enaugh hydrochloric acid to- 
decono^ose the whole of the chloratot An excess of this acid ia 
add^d to neutralize calcareous compounds. The fat is purilied 
and whitened with 2‘5 per cent of chlorate and a semi-tint obtained ; 
with 5 per cent of chlorate a whiteness of the fat is obtained 
analogous to that of lard. It is washed several times with water* 
until the wash water is free from chloride, which is recognized by 
iodide and starch paper. Bleaching by sunlight is equally energetic. 
The fat must be run into shallow vats which are exposed to the 
light. Agitation in presence of ozonized air also constitutes a 
method of bleaching. At tlie normal temperature bone 4at is soft, 
unctuous, and does not easily become rancid. Although insigluble 
in water, it contains about 2 per cent of water, which it is ini- 
» possible to eliminate even by heating to lOO’ C. To obtain it in 
an anhydrous state, it is necessary after having refined it to heat 
it up to 150 C.. and to maintain it for some time at that tempera- 
ture. But it is easily disposed of even when it contains a liy;!^ 
water. 

Manufacture of Done Dust. — Fat-extraftted non-degelatinized 
bones are reduced to powdin- which passes through a No. 50 sieve 
and dispatched to farmers without other treatmmit. if, on the 
contrary, the bones have been deprived of the greater part of their 
nitrogen, they decompose with difficulty in the soil, an<l it i!> tlieir 
better to convert tliem into superphosphaUis. The ciaislu'is used 
being the same in lx)th cases, the reader is referred to the description 
already given. The mode of action in the soil of the nifli-degelati- 
nized l)one dust is baseih the first instance, in the solubility hf 
phosphate of lime in putrefying gelatine. Tt liehaves to a certain 
extent like raw Peruvian guano, which has already l)een d(‘scrib(.fd, 
and in which the basic phos])hate of lime is rendered soluble by the 
nitrogenous elements which accompany it. The bone dust in the 
soil, owing to its relative insolubility, is distinguish(‘d hy this 
peculiarity, that its phosphorio acid is not readily extracted by the 
soil ; it can thus penetrate into the deeper layers, whilst ever^ tjther 
form of phosphoric acid is utilized in the surface soil. This property 
of bone dust is sometimes of gi%at l)enefit to*the farmer. The 
cropping in the same soil during several sucotssive years of pla^^s 
with tap foots may have exhausted the subsoil of phosjjhoric acid. 
In that case bone dust furnishes the means of replenishing it with 
th^t element so necessary' to vegetation. The fi^er the bone dust • 
the more easily is it dissolved and decomposed. Coarse powder only 
acts feebly, but its action is appreciable for several years. The- 
fine powder decomposes rapidly in the soil and acts energetically 
the first year. That is why farmers always require a fine powder. 

It is to the interest of the manufacturer to (luit them by attending to 
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the crushing and the grinding of the powder. Bone dust made from 
fat-extracted bones has^ the following composition, accordiner to 
Holdefleiss : — , 


TABLE L.— ANALYSIS OF BONE DUST FBOM FAT-EXTRACTED BONES. 


Nitrogen 

Per cent. 
414 

Phosphoric acid . 

2108 

Water 

5-51 

Organic matter . 

36*29 

Carbonic acid 

2*30 

Sulphuric acid . 

0*41 

Litne 

27*83 

Magnesia . 

0*68 

Oxide of iron 

0*37 

Fluorine 

0*52 

Sand . 

3*60 


45 per cent CagP.jO.^ 
and 1-49 per cent Mg.P^O, 


Stored and fat-extracted bone dust does not contain more than 
2 to 3 per cent of fat. 

•The efficiency of lx)ne dust as manure has l)een the subject of 
many discussions. P- Wagner and Mercker seem to have under- 
estimated its fertilizing value, whilst other experimentalists have 
obtained excellent results. According to recent experiments, it is 
recognised that the efficacy of bone dust was perceptibly increased 
by Un addition of solvents ; nitrifying bacteria likewise intervene. 
A small quantity of the solvent (sulphuric acid) suffices to give to 
bone dust a remarkable activity, as experiments on this point testify. 
This agenUhas the effect of disintegrating the bone dust, and render- 
ing it soluble in citrate. Stoved bones, neither fat-extracted nor de- 
gelatinized, do not dissolve in a satisfactory manner. The organic 
matter of such Irone dust is transformed into a gluey matter veiy 
difficult to dry. 

Claasijicatwii of Bom Dust. — J. Konig has proposed the follow- 
ing chwBsification of Irone dusts : — 

1. Normal Bom Dusts, or Bom l^ust No. 0. — Those bone dusts 

which are made from bonc's which have not undergone any treat- 
ment tor the extraction of gelatine, containing 4 to ^>3 per cent 
of nitrogen and 19 to 22 per c6nt of phosphoric acid, in which, 
moreover, after deduction of the matter extractable by chloroform 
the two factors are as 1 : 4 to 5’5. • 

2. Bom Dusts (without any other desiyuation). — Those bone 
dusts which contain 3 to 4 per cent nitrogen and 21 to 25 per c^t 
of phosphoric aciH, and in which after d^uction of the matter ex- 
tractable by chloroform, the ratio of the nitrogen to the phosphoric 
acid is 1 : 5*5 to 8*5. 

3. Deijelatinized Bone Dusts. — Those which contain 1 to 3 per 
cent of nitrogen and 24|to 30 per cent of phosphoric acid, and ifi 
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\vhicl 4 after deduction of the matter extractable by chloft)form, the 
ratio of the nitrogen to the phosphoric acid is 1 : 8'5 to 30. 

To^hese kinds of bone dusts must be added the bone dust made 
in some countries from raw bones. However, there is sometimes- 
sol^ as raw bone dust the waste from bone-black making, after the 
extraction of the fat by benzfne. Nothing should be designated as- 
raw bone dust unless actually made from raw bones. [The bone- 
black factories sieve the bone dust from the meal or gi*anules before 
charring the bones, as the dust is not so efticacious a decolorizer 
as the gmiiules.] 

4 . Mixed Manure Dusts. — The manure dusts which after deduc- 
tion of the matter extractable by chloroform containing 1 per cent 
of nitrogen as ossein, and in which the mtio of nitrogep to phos- 
phoric acid is from 1 : 30, should not be designated as bane iusls,. 
but as miied manure dusts. 

Meat Dust {Meat Meal).— An exception to this rule is foinied 
by the manure prepared in the manufacture of meat extract, and 
which ought to Ixi designated as meat dust (meat meal), which suf- 
ficiently differentiates it from the above-named bone dusts. Thtis 
established, the differentiation of the different qualities of bone dusts 
is very sharp, and they are no longer confused with mixture of 
horn, hair, etc.^ 

AduUeratim. — Bone dust is the subject of numerous sophistica- 
tions. Finely crushed gj^psum and corozo (vegetable ivory) powder 
are often found therein, substances which it is impossible re- 
cognize by the naked eye. In that case the analysis of the product 
shows that its percentage of nitrogen and phosphoric aci^is inferior 
to the normal, for corozo only contains 2*44 per cent phosphorip 
acid and 0*96 per cent rfitrogen, and gj^psum contains neitner of 
of these ingredients. But the most frequent adulteration consists 
in adding to it phosphorite, or the phosphatic lime of the glue 
manufacturers, or a mixture of phosphate of lime and greaves. As 
all these products are rich in phosphoric acid, their effect is to in- 
crease the total phosphoric acid of the product, and to diminish 
considerably its percentage of nflrogen. To hide as much as jjossible 
the different^ between the two elements which would be letealed 
by analysis, sophisticators resort tc^sulphate of ammonia. But, as 
already pointed out, the essential element besides phosphoric acid 
is ossein, ^r gelatine, which cannot l>e repltced by nitrogenoffs 
debris of animal origin, and far less by sulphate of ammonia. The 
ab<^’e sophistications are therefore very prejudicial to the farmer, 
even if he receives in that way more nitrogen and* phosphoric acid 
than furnished to him by normal bone du^t. The mixture of phos- 
phorite or of phosphate of lime a^nd ammoniacal salt can never 

‘Foranalyses of boiled and steamed bones, benzine extracted bones, see 
•* Bone Products and Manures,” by Thomas Lambei^, published by Scott, Green- 
wood Si Son, London. • 
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replace bone dust. No more can the mixture of phosphate qj lime 
and greaves replace it, for the nitrogenous elements of this mixture 
do not consist of ossein, but rather of a substance analogous to 
horn. • 

As regards the impurities, sand, etc., and the degree of moifture 
they should not exceed certain limits. Like all pulverulent sub- 
stances, bone dust absorbs moisture from the air and the manu- 
facturer cannot be responsible for it. The normal moisture is 4*7 
and the percentage of sand 2*4 per cent. 

Manufacturing of Bona SujierpkoH]) katas . — As just observed, bone 
dust differs in composition with the nature and quality of the bones 
from which it is derived and the method of manufacture. In 
normal bOne dust, the ratio of the nitrogen to the phosphoric acid is 
as 1^ 5. ‘(Jenerally, however, there is found O’S to 1*0 per cent of 
nitrogen from different debris of animal origin. Bone dust of this 
nature may be delivered to farmers without other treatment. But if* 
the ratio between the nitrogen and the phosphoric acid is less, say 1 
to 0, or beyond (Holdefleiss found a sample was 1 : 23*55), it is a 
p^^of that the bones were too much degelatinized, and the dust is 
of less value if used directly as manure. It would behave in the 
soil like a mixture of'normfij l)one dust and phosphorite powder, 
or if its percentage of nitrogen has been artificially increased, as a 
mixture of normal bone dust, phosphorite and of dried blood. All 
th^ phosphoric acid in excess above the ratio of the proportion of 
ossetfi nitrogen to phosphoric acid should be regarded as raw phos- 
hate, and of no value to the farmer. 

B\it these kinds of bone dusts yield excellent results if converted 
into supefphosphates. In fact, if all the phosphoric acid l)e dis- 
solved, the latter has no need of ossein i« the soil ; the bone dust 
so treated constitutes a nitrogenized supei’phosphate. The manu- 
facture of bone superphosphate (pure dissolved bones) is very simple 
.at first sight. The lx)nes, previously crushed and degreased, are 
reduced to powder by means of a steel ball mill, or by a Carr’s 
disintegrator. The powder yielded by the crusher is then passed 
through a No. 50 sieve, and the core returned to the crusher, which 
finally reduces it to the desired fineness. 

The \Kii\e dust is then mixed with the desired amount of dilute 
•sulphuric acid, using the same mixer as in making mineral super- 
^(^osphates. But l)€ne dust does not behave nearly ^so well as 
mineral phosphate under the action of the sulphuric acid. It 
has already been ^x)iated out that mineral superphosphates contain 
free phosphoric acid, which renders them moist to the touch. 'To 
this drawback, another is added in the case of bone superphosphate, 
the sulphuric acid converts the organic matter into a viscous mass, 
which prevents the drying of the superphosphate. Also, owing to 
the fact that the acti^^ '>f tViA io vprv pnpraptiA And thp mass 
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swells considerably it is necessary to place a much smafler charge 
in the mixer. It may also he remark^ that the mixture tends to 
set rauidly, and this may need the addition of more water than is 
altoeetner desirable in order to keep it* sufhciently fluid to run out. 

A multitude of methods have Ixjen tried to eliminate this draw- 
back, but the greater number have failed. In this way it has been 
tried to dry the superphosphate with sand, lignite, ash, and other 
analogous pulverulent matters. But the addition of all these sub- 
stances not only diminishes the percentage of nitiogen. but it opens 
the door to sophistication of all sorts. It has been given up. 

Another way of attaining the same object, proposed by Kunij)ler, 
was the use of bone-black. As this material possesses considerable 
absorptive power for liquids, it may be successfully uged to dry 
manures with a tendency to remain damp. The bone-black in- 
eorporated thus : The bone-black is first incorporated with the 
quantity of sulphuric acid required to dissolve its phosphate, at the 
same time as that for the bone dust. When the decomposition of the 
black is finished, the bone dust is incorporated with the mixture. 
If any insoluble phosphate remains undissolved, it is bone })htts- 
phate, which becomes readily soluble in the soil. Bone-black, how- 
ever, has the decided disadvantage that it produces a black manure 
to which the farmer strongly objects, believing that it contains soot ; 
the best material to use for drying the manure is bone ash, which is 
almost white. • 

If it be desired to increase the amount of nitrogen, the gefatine 
extiact obtained by steaming bones may be added to it. But, so as 
not to introduce too much water into the manure, care i-? taken to 
reduce its volume to a third hy evaporation, and to use snlphur'c 
acid of high strength. Fihally, it is preferable to secure the drying 
of the phosphate by only dissolving it incompletely. In that case, 
only jj or } of the sulphuric acid required for completely dissolving 
the phosphate is used. 

Again, the addition of a little nitrate of soda 1 : 2 per cent con- 
siderably accelerates drying, but the evolution of nitrous fumes 
must then be taken into accouht, as they are very injurious tq the 
work-people and moreover constitute a loss. 

Bone superphosphate dries spoptaneously in the heap, and at the 
end of a month the reactions of which it is the seat are terminated. 
It suffices . then to pass it through a Carr’s crusher, and to sift 'It 
to reduce it to a pulverulent form. 

^Mixture of Bone Superphosphate (Dissolted Bones) and Nitro- 
fjenous Matter. — B.one dust from steamed bones' contains on an 
average only 3 to 4 per cent of nitrogen. , It does not contain more 
than 2 per cent after its conversion into superphosphate. It is 
small compared with the 15 to 17 per cent of soluble phosphoric 
a^id which accompanies it. Manure manufacturers, therefore, 



192 


CHEMICAL MANURES 


increase tHfe percentage of nitrogen by the addition of substances of 
animal origin.* But in Great Britain the manure then ceases by 
law to be dissolved bone^ and enters the class of dissolved hoi^ com- 
potinds, and in this latter clafes the units of nitrogen and phosp^rio- 
acid are paid for at a much lower rate than in pure dissolved bones. 
From a manufacturer’s point of view, therefore, it is better to use 
these nitrogenous adjuncts in making dissolved bone compounds in 
which little or no bones are used, the bulk if not all of the phosphates- 
being derived from mineral sources. By this means the enormous 
amount of daily waste from animal sources in large towns can be 
restored to the soil. The process is as follows : The bones, as they 
come from the digesters, are mixed still moist with acid of SO"" B., 
and the nitrogenous matter added. These nitrogenous matters are- 
thoseialready studied, hut their treatment differs a little from that 
applied to them when used alone. 

Blood . — After coagulating the blood by heat in the manner 
described later, it is added to the bone dust in the proportion of 
300 lb. of fresh blood to 250 lb. of fresh bones. The bone super- 
phosphate thus obtained is rich in nitrogen ; it contains in the dry 
state 4 to 5 per cent oj nitrogen, and 9 to 11 per cent of phosphorio 
acid, and only 0 51 per cent of insoluble phosphoric acid. The 
bone superphosphate to which blood has been added, dries much, 
better ; this latter therefore furnishes a means of obtaining a 
perfectly soluble powder richer in nitrogen. If it be desired to 
still ftirther increase the nitrogen and to bring it to 5 or 6 per cent,, 
for example, the difference can be made good by an addition of 
dried blood, meat meal, or an ammoniacal salt. The addition of so- 
much blood would cause this manure in Great Britain to fall into 
the class of blood manures ; at any rate, S, manure with only 9 to- 
ll per cent of phosphoric acid (say 20 per cent of soluble phos- 
phates), and no insoluble phosphates, w’ould never pass muster as 
a genuine dissolved hone. All these animal substances the British 
manufacturer combines with mineral superphosphate and sells as 
dissolved bone compound, or in this case possibly as blood manure. 

Iforn . — Although horn previously steamed may be easily crushed 
in th^ flatstoue mill, it is better to add it in the state of flour to- 
the finished superphosphate, becj^use if added before grinding it does 
not distribute itself so well as blood. Wool dust and analogous- 
v\1tste are preferably treated like leather waste, for they aiie too bulky 
to be treated by steam. 

Leather Waste .— has already been observed that ground 
leather prepared "from tanned leather is one of the least active of 
nitrogenous manures. Ilhcy are beat treated as follows : The 
leather is charged into a large leaden pan capable of being heated 
by a double bottom or by a lead coil, and moistened with sulphuric 
acid of 50'" to 60® B,, and the whole heated to boiling. The leather 
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rapidlt^ dissolves to form a bro^Vll liquid, which is dijawn otT by a 
tap a little below the false bottom, and wltich is used in place of 
ordinal^ sulphuric acid to dissolve Uie l)ones. This rnethoil of 
treating leather x)resents great advantages. It enahles the manu- 
facturer to pi eserve, in the form of an extract, all the nitrogen, which 
would otherwise be lost. Besides, and this is an , important point,, 
the tannin opposed to the decomposition of the leather in the soil is. 
destroyed. Flesh, lungs, livers, spoilt greaves and other waste are 
dissolved by the acid in tlu' same way as leather and may be used 
in a similar manner. Greaves are particularly rich in nitrogen. 
They often give up as much as 10 per cimt of fat to the sulphuric 
acid used to decompose them. If sulx)hate of ammonia used to- 
increase the; nitrogen content of dissolved hones, it likewTse ca^ be 
dissolved in the sulphuric acid, whilst nitrate of soda can only he 
lidded to the iinished product. The mixing is then don<^ by means 
of the crusher or by the toothed roller mill. Hair, Ijorn, and wool' 
waste are also dissolved by the acid. The solubility of the organic 
matt(‘r is greater in nitrous sulphuric acid than in sulphuric acjfl' 
alone. For one x^Jtrt of these matcuials, two ])arts of nitrous, 
sulphuric acid at oO or GO B. should be talo^i, and if there b(* no) 
nitrous acid at disposal residual sulphuric aci<l is fortified by an 
addition of 2 p(‘r cent of intrate of soda. 

Animal ('liarcoal. -(.'ommercial animal charcoal comes almq,st 
exclusively from sugar refiners and glucose factories. To ])urify Uieir 
juices, the refinei’s use largt* amounts of animal charcoal. I n the new 
state, that is to say, freshly calcimal, the Idack posstisses a very (UHisr- 
getic d(*colori/ing ^jower. But this pro])erty is attenuated hj iise. To 
revivify the black, and to instore, to it, at h'ast partially, its df'coloriz* 
ing and purifying prop<Mties, it is f(*rmented, treated by acids, 
washed, then again calcined without acc(*ss of air. Thus revivifying 
operations give rise to an impoilant wjish? under the form of a fine 
powder, which is sold as manure. After a series of revivifications, 
the granular black is itself spent, revivification being powerless to 
restore to it its initial propertius. Formerly animal charcoal was. 
in current use in sugar works, but within the last fifteen yejgh it 
has coniplete^K' disappeared. The refineries alone continue to use it, 
and consequently it is not so importflnt a man\ire as forn)erly. The 
com})osition of this x>i’f>duct is veiy variahl^i, according to thi^ 
methods of fiianufacture of the sugar refineri(‘s. As th(* char dust 
(revivification) waste comes always from the siydace of the granules 
of bfeck, and its these parts are the most attackec], by the hydro- 
chloric acid used to purify it, it contains an irnjjortant ])roportiori 
of carlx)n, but less phosphate of lime, than the granular black. 
Moreover, it contains much sand. None the less, it is in much re- 
(|uest for the manufacture of superphosphate, because it can be 
tre«,ted without any previous preparation. Hpent char contains 2-0 
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to 75 per cent of phosphate of lime, 1'5 to 15 per cent of cart)onate 
of lime, and up to 1 per cent of sulphate of lime. Spent char dust 
contains much less of these ^substances. As the granular f!har re- 
moves nitrogenous impurities from the saccharine juices, if* also 
contains up to as much as 1 per cent* of nitrogen. Some analyses 
of animal charcoal, both before and after its use in the clarification 
of symps, are given in Table iil. 

TABLE Til.— ANALYSES OP NEW AND USED AND SPENT BONE 
CHAU. (PIEUUE.) 


i ( 'arbon aii<l 


.. 



Organic 

i FMiosphaU' 

Uarl)Oiiate 

VarioiKs ; 


Nitrogen. 

.Matter 

of 

of 

Con- j 



Per (5ent. 

(including 

Lime. 

Lime. 

stitueiits. ‘ 




Nitrogen). 
lN5r cent. 

Per cent. 

I’cr cent. 

Per cent. ^ 


fine, new . 

M2 

Ud) 

7:i*l 

8*0 

7*:i 

' ,, 

011(50 LlHed 

1*25 

21*1 

01*0 

; 0*4 

7*!) 

Charcoiil, 

fine, new . 

; ' 1-22 

, lid 

72*2 

5-:^ 1 

1 10*0 

,, 

011(50 UKod 

2*HH 

112*0 

r,H-7 

4-U 

1 i 

CilHlT.OJVl, 

twi(5e UHod 


' 42*2 

4()'0 

IPd 

8*r) 1 

fine, new . 

1-lil 

i 11*0 

7o-n 

7*0 

i;i*4 : 

f 1 » 

011(5(5 UHOd 

2*04 

1 :ir.*2 

")2*0 

10*0 

10*1 

1 ,, 

twici5 llHOd 

:M8 

42*0 

47*.> 

4*.-) 

0-2 


As}i. — Tlu^ inunense ])rairi(‘s of South AineM’ica support 
liuinerous wild herds of cattle ; JOOO hejul of cattle ])er inhahitant 
can be counted in many of these countries. The animals are 
slaughtered for their horns, their skins, and their fat, the tlesh being 
rarely utiliztid for human food. It is left to rot, or usually becomes 
food for wild animals. Tlu? hones are dried and us(kI as domestic 
fuel and also in the tallow smelteries, sugar factori(‘s. etc., for other 
fuel is scarce in these districts. It was thus that 100 to 200 years 
ago hillocks of hoiu; ash had accumulated near dw(!llings for which, 
till a short time ago, no use whatever had been found*: But owing 
to the enormousV'xtension of th^e use of chemical manures, the value 
,of these ashes has ,heen fully appreciated. They are sold to out- 
ward hound ships, who purchase them as ballast. they are in 
the pulverulent statf, hones are also mixed with tluuu, as by doing 
this they are rendered less cumbersome. 

The pressing demand for this excellent waste by chemical 
manure factories has hvrgely diminished the stocks ; on the other 
hand, bones are now utilized tc better purpose, the residt being that 
bone ash has almost disappeared from the market. Five samples 
of l)one ash analysed h\- Voelcker had the following composition*: — 
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TABLE UL— SHOWING THE COMPOSITION OF FIVE {SAMPLES OF 


BONE ASH. 

I.^ 

i Per e*eut. 


! Water 

4-S.H 

Organic matter . 

4 00 

Phosphoric acid . 

.S5-88 

Lime 

41-27 

Lime not combined with 
phosphoric acid 


Magnesia .... 

0'.»7 

I Alkalis .... 

— 

I Oxide of iron and silica \ . 

^►Carbonic acid . • • 

; Sulphuric acid . . J . 

■ Sand 

301 


Phosphate of lime . . ' 

100-00 
70 -O.-) 


(VOELCKER.) 


II. 

III. 

■ IV. 

V. 

Per i-eut. 

Per cent. 

i Per cent. 

Per cent. 

0-01 

1-75 

_____ 

15 - 34 ) 
• 2 -03 

3-30 

10-30 

33 -HO 

3 * 2-03 

38 - 1*2 

20-50 

30*53 

37-84 

44-47 

34-48 

3*47 

1 - 1)*2 

4 - 45 * 

1-02 

0-07 

1 * 48 ] 

1 


1*30 

0-84 

i 

• 


0-21 

j 5-07 

4-40 

0-78 

0-84 

1 



0-37 J 



8*31 

0-50 

3-00 

; ‘ 20-24 

100-00 

100-00 

100-00 ! 

11 ) 0 - 00 * 

73 - 4*2 

70-47 

82-50 ; 

04-01 


By picking out the ))ig lumps, which consist of^silinost pure l)one 
ash, a product coutainiii^^ ai)Out H5 ])er cent of phosphat(‘ of liiye 
is obtained. The fine po\vd<^r which (jontains almost all Hat hiuuI 
is, naturally, less rich in |)hos])hate. Jione ash is chiefly used for 
making precipitated phosphate of lime, accordin^^ to the nu'thod 
desci'ihed below, ft is worth about .fed per ton. * 

Bone ash is very liard lyid dillicult to ^.^rind, besides it is always* 
Wet by absoi'])tion of moisture a])])arently from tlie air, and is best 
dried on the en^une steam boilers, over whicli for the tinu! bein;.^ it 
acts as a non-conducting^ com])Osition. J^>on(^ ash yields an excellent 
superphos])hate with about 40 |)er cent of soluble ])hosj.»hate and 
1 pel’ cent of insoluble, it h sometimes a little difiicult to dry, but 
it does so readily in the kiln. .The manure manufacturer keenly 
feels the want of ^sujiplies’of this most valuable ])roduct. .Ai* 'in- 
expensive machine that would burn spent char to bone ash cheaply 
and rapidly would supply a vticat \\*ant and enable spent char to 
fill the place of bon« ash, which it cannot no*N’ do, as its colour 
debars it. Bone ash superphosjihate, it is needless to say, never 
retrogrades. • 

Manufacture of Precipitated Plioaphate of Lim^ — Precipitated 
or basic phosphate of lime is a by-product of the manufacture of 
glue. If hydrochloric acid be poured oil fat-extracted bones, it 
dissolves the phosphate contained therein. An acid solution is 
then obtained of phosphate of lime, and as a residue the nitroge- 
noilB matter, ossein, which is converted into gelatine and dissolved 
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by boiling wiin water. Formerly, the acid solution of phosphate of 
lime was not considered. of any value, and to get rid of it, no better 
outlet could be found than to run it into the river. But now the 
phosphate of lime is recovered by precipitating it from solutiCn by 
caustic lime. Unfortunately, the mahufacturers are not sufficiently 
careful in working ; the phosphate of lime which they put on the 
market often containing 12 to 15 per cent of carbonate of lime, or 
of caustic lime, and a large proportion of calcium chloride, which 
render it less fit for manure manufacture. The analysis of one of 
these products furnished the following results: — 

TABLE LIII.— ANAIiYBIS OF PRECIPITATED PHOSPHATE OF IJME. 

t 

Per cent. 

Water and organic matter 26*20 of which nitrogen, 2*68 per cent. 
PhoRphate of lime . . .')3*50\ 

Phosphate of magneHia . 2*17 phoRphoric acid, 28 per cent. 

1‘hoRphate of iron . . 6*30 j 

Sulphate of lime . . 2*07 

Carbonate of lime . . 0*88 

Chloride of calcium .‘ . 3*50 

Jiiine .... 0*46 

PotaHh .... 0*21 

Soda . . * . . 0*20 

' Infloluble . , . 5*42 

100*00 

Th<^ Material from which this was made was certainly not pure; 
bones, hut lately the manufacture of phosphate of lime in glue 
factories has been perceptibly improved, and the product put on 
the market is of better quality. Precipitated phosphate of lime is 
also made from phosphates unfit for converting into superphos- 
phates, and from bone ash, but in the former case the impurities 
contained in the raw material, such as oxide of iron and alumina, 
are likewise dissolved, and remain in the product. 

The manufacture of precipitated phosphate of lime consists, as. 
already mentioned, in decomposing phosphate of lime by hydrochloric 
acid, and in separating the chldvide of calcium after the equation — 

" + 2HC1 - 2(;iiHPO, + CaClj « 

The phosphoric acifl is precipitated from its solution by mil,k of 
lime. The neutralization must be done with care, for it requires, 
but a slight excess of Ijjne to form an insoluble phosphate — one 
part B.jOf, requires 0'4 of CaO,, as the following equations show : — 

CaH4(P0,).,H.,0 + CaO + H.,0 = Ca,H.,(PO,),,2H,0 
CaH 4 (PO,) 2 H> -p 2CaO ' = Ca.;(Pbj, -p’ mfi ^ 



Lxri JL’UOX xJWi'^-Ui oux .Cixwrxiwcjx 




To prej)are the acid phosphoric solutions, a wooden va| is fitted 
with a mechanical agitator, also of wood. No mechaidcal agitator 
is, however, required working only with .Uones. The hones are 
covered Siompletely with an 8 per cei-^t solution of hydrochloric 
acid, Und left in contact for two to three days. All the mineral 
matter is dissolved, whilst the ossein, a white soft substance, remains 
lundissolved. The benzine fat-extracted bones decompose more 
easily than steamed bones. The decomposition is ascertaiiunl to 
be finished when a hollow bone placed at the surface as a sample 
is soft and supple, and sliows well tlu; characteristics of swollen 
ossein. The solution is then run off through a tap in the bottom 
of the vat, the ossein is washed with the smallest possible amount 
of 4 per cent hydrochloric acid, and the licjuid is collected ili a tank. 
The wash water is used afterwards to dilute the strong hydrochloric 
acid, that is why a more methodical extraction is not pursued. As 
^ the quantity of hydrochloric acid, a little more than the theo- 



rotioal (Iiuuitity civlculateil .oil tlin Imu: must Ix^ used. NUicn tin-* 

phosphate is Itiiallv grouml, solution is ullcclfd m ten to hfteeii 
minutes; it is inimped into a lilter press hy moans of a pump with 
load liniii!;. The phosphatic solution is collected in an open 
lead-lined vat, not too deep, in which it is noutiahzwl hy milk of 
lime. To precipitate the Ca.,H.,(l>(),)., milk of lime m addo. m quan- 
tity just sufficient to neutralize the free II(d. the HCl used and the 
phosphoric acid content of the substance 'f'K o"'* p 

molecule of «aO is added for eaeh molecule, of CaH,l .p,. 1 oi 

this pui-pose thei-e is installed orf a level with the top 
neutralizing vat a second lead-lined vat htted.with a tap lo oni. 
above the h«tom, in which a milk of lime is prepared, which is run 
into the neutralizing vat, care being taken to sVr the ‘ “ 

latt*. To make sure that enough milk of lime has been “““. a 
sample is filtered from time to time, and testid wiA "'ffiybdate, or 
phenol phthalein if the product required fs Ca,I fi,. To work in 
i continuous fashion, two neutralizing vats are installed helow the 
milk of lime vat ; the latter is then fitted with two delivery pipes, 
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which art closed when needed by a cork stopper. When tjie con- 
tents of on(i of the vats is being neutralized, the second is being 
filled with phosphate ^plution from the filter press. If excess of 
milk of lime be added, it ia easy to remedy it by running^m phos- 
phate solution from the other vat. Finally, there is installed^elow 
the neutralizing vats a pit or collecting vat into which the neutral- 
ized solution runs through a pipe fixed in the bottom of each of 
the two above-mentioned vats. To neutralize the solution as exactly 
as possible, a milk of lime of 15° B. = about 16 per cent CaO is 
used, of which enough is added to leave the solution just faintly 
acid ; when the liquid is clarified it is decanted from the precipitate, 
and the neutralization finished apart. The first precipitate is 
Ca2H2(F04).^, the second is partly (Ja3(r04)2. From the collecting 
vat ^he neutralized material is drawn by a suction and propelling 
pump and forced into a washing filter press in which the precipitate 
is freed from adherent calcium chloride by washing with watery 
followed by steaming. The precipitate is readily removed from 
the liquid. The cakes extracted from the filter press are dried at a 
rpaximum temperature of 60° C. (140° F.) best in the steam drying 
machine. 

They are converted into a fine friable powder containing 30 to 
40 per cent of ^ higher temperature the Ca.^H2(P04)o be- 

comes slightly insoluble owing to formation of CaoP^^:- When 
Iqcal facilities lend themselves to it, the vats are installed in such 
a fiwihion that the liquid can run from one to the other. The last 
filter press for the precipitate is then at a sufficient height for the 
cakes to fall directly into a truck, which conveys them to the drier. 
The precipitated phosphate is soluble in a solution of citric acid. 
The manufacture of this product has been the object of numerous 
researches and several patents. 

A precipitated phosphate manufactory requires : — 

1 ball mill. 

2 agitating vats. 

10 filter presses of 250 litres (55 gallons). 

5 pumps. 

2 lime vats with stirrers. 

2 collecting vats. 

1 steam dryer. *’ 

4 pits with agitators, 2 metres x 2^ metres. 



CHAPTER XI. 

M.XNIU'WCTI'RE OF IJASTC SFA(i. 

A Jicir'ifipectirc (Hance . — In tho curly days of the application of tho 
Thomas and Gilchrist process, the basic sla^j; from the d(^phosphor- 
ization formed large heaps for wliich there appeared to*l)(‘ no use. 
Giudually the idea was evolved that it might he used as a mifiniro, 
hut agronomists did not at first strike upon the true method of 
utilizing this waste. They imagined, hy analogy, that, as with 
mineral phosphates, it would he necessary to submit it to a similar 
convejsion to tlie latter. Hut looking to th(‘ nature of the s^ag 
itself, one would not dream of converting it into su]H‘rphos])hate. 
Jhecipitatt‘d phosphaU? of lime was th(*reff)re made from it l)y 
Scheibler’s patent, which was put on the market as Tlumas' precipi- 
tate, eitluu' aloiui or mixed with nitrate or sulphate of ammonia. This 
preci])itate, pr(‘])ared hy the Fertilitas (’om])any, tested .‘12 to 115 VM!r 
cent of plios})horic acid, of which HO to 00 per cent was s(^iihle 
iij citrate. In May, IHHo, The Anglo-( ’ontinental Co. took up the 
sale of the new product, hut in s])ite of the support of this ])owerful 
company, Thojnas’ precipiiate did not ))rov(‘ to he a gnlit success, 
mor(! es])ecially l)(*cause 4 )f its high ])ric(e At the sam(‘ time, 
Hoyermann and Heinrich .\lh(;rt commenced researches to deter- 
mine the fertilizing value of the basic slag in its natural state. 
Hoyermann engaged a certain number of farmeis of the province 
of Hanover to spread finely ground basic slag on marshy lands and 
meadows. On his part, Heinrich Albert, who had for a long time 
recognized the solvent role of* the acids elaborated by the roots of 
plants, devoted /ieveral years to the study of the action exert^id on 
phosphates'f)y weak solvents. He remarked that j)eat finely ground 
and kept very moist constituted ft somewhat energetic solvent for 
phosphate. He applied his methods to basic slag and obtairjpd 
excellent results. In IHH5 the agricultural station of Darmstadt 
took up the matter, and in its turn made cultural experiments with 
ba^ic slag, thanks especially to the financial support of the syndicate 
of German manure manufacturer. These experiments were con - 
tinued for several years, and in 18H9 D^ Paul Wagner published 
the results obtained. Nevertheleifs, manure manufacturers them- 
selves remained sceptical, and only two of them consented to deal 
(199) 
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with the metallurgical firms for the supply of basic slag. tTheir \ 
hesitation wiU he readily understood if one thinks of the great 
difficulties which they Iwil to surmount, from a technical p^int of 
view, in reducing the slag to ‘a fine powder, so as to obtain with a 
material at that time of veiy varying strength a uniform markefable 
product. When, later, the amount of phosphate soluble in citric 
acid was adopted as a criterion for determining the fertilizing value 
of basic slag in powder, it was again Hoyermann who, working 
from his own data, suggested the addition of silica in the converter. 



A Stool-Works ainl its Blast Fiirnacos. 

as a hreans of considerably increasing the solubility o.f the phosphoiic 
acid. It is thus ,that, in spite of apparently insurmoQntable diffi- 
culties, basic slag became a precious source of phosphoric acid for 
agriculture. Its corfiparative cheapness, its c6ntent o^ lime and 
silica, and the good results which they give on meadows, peaty 
soils, and sandy soils* poor in lime, have caused basic slag to ^be 
* used in all countries in which intensive cultivation is practised. 
It no longer forms, as previously, a useless and cumbersome ballast, 
but a product of great fertilizin|^ value, the consumption of which 
increases year by year. 

Origin of Basic 5%.— Up to a comparatively recent epoch, goc^ 
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steel «ould be obtained only by usinjj ores either free or Almost free 
from phosphorus, a proportion of 0'25 of phosphorus siiilicing to 
render the iron brittle in the cold. These-^ure ores Iwcame more 
and mSre rare, whilst there existed abundant deposits of ore which 
contained a higher percenhige of phosphorus. The attention of 
metallurgists was, therefore, F>ound to turn in the direction of the 
latter, and it was necessary to try to utilize them. 



Touring the Basic Slag from the Thomas Converter into the llemovalWKgon. 

• • • 

It is to a young Englishman, Sidney Gilchrist Thomas, to whom 
in J879 the honour of this discovery, which aftt-rwards revolutionized 
the manufacture of steel, is due. It did not enter into ordinai-y 
practice until after five or six years of efft^rts, varied tentatives and 
numerous and delicate trials. It js now the basis of the manu- 
facture of the greater part of steel. The Gilchrist Thomas process 
a^it is called, has a double advantage : it eijables an excellent steel 
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free from ^phosphorus to be obtained whilst utilizing the phosphoric 
ore ; and, on ihe other hand, it gives as a secondary' product a fertil- 
izing material, the use»of which, in agriculture, has assumed a 
rapid and considerable exterrsion. Let us now examine brilfly the 
manufacture of the cast-iron, then that of the steel which yield? the 
slag. The ore conveyed to the ir6nworks is smelted in blast 
furnaces which are about (>5 feet in height by 20 feet in width ; 
it is there laid alternately with layers of coke, and there is added, 
according to the nature of the mineral, calcareous or silicious matter 
which forms what is called the flux:. The object of this fluxing is- 
to deprive the mineral of any argillaceous or calcareous gangue 
present, and to obtain finally, in consequence of the de-oxidation 
and . of t^e partial carburation of the ore, as a useful product 
cast-^on, and as residue a lighter substance floating on the top 
constituting the slag, which contains the major part of the impurities- 
combined with the materials of the flux. ' 

As to the gases which escape in consequence of this de-oxidation 
they are collected and their heat utilized, partly to heat the air which 
en^jers the blast furnaces to a temperature of 750° C., and to produce 
the steam necessary to drive the Idowing engine, or finally to pro- 
duce electricity. The'charging of the blast furnace is done about 
every six hours through the top ; there is a discharge of slag and 
iron through the bottom. The temperature of the lower zone where- 
the molten iron frees itself by difference of density from its floating 
impifrities is about 1200° C. The slag is utilized industrially for 
making bricks, cemetd, (itc. Let us see what becomes of the cast- 
iron, which at this point is still phosphuretted, as the following, 
ajialysis taken as an example shows : — 

• 

TABLE LIV.— ANALYSIS OF CAST-IUON SHOWING PHOSPHOUUS 
CONTENT. 

yV’r cent. 

Ill '20 
3-60 
2-75 
3 '20 
. • ^'25 

100 '00 

% 

The conversion of the cast-iron into steel is brought about in special 
pear-shaped vessels nwvable round a horizontal axis, and constructed 
of steel plates dined with refractory stone. These applianftes, 
termed converters, are, in the Thomas process, lined in the interior 
with lime and magnesia.* They are open at the top and pierced 
in the lower part by holes through which air at a high temperature 
can be blown. To charge them they are turned upon their axes to* 


Iron . 
Carbon 
I’hoaphorus 
• ^ Magnesia . 
Silicon 
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an ^gle of 90° and the liquid cast-iron is run in throu^ the upper 
opening. Then the converter is raised at the sanye time that air 
is driven through the lower holes at a jwifticient pressure for the 
fused^netal to remain in the converter and not pass through the 
hol^s. Under the influence of the high temprature prevailing in 
the converter, and of the air injecteti, the silicon, the sulphur and 
the phosphorus are burnt at the same time as a part of the 
carbon. The heat which is disengaged inside the converter is such 
that the metal which had at the moment of its introduction a 



UnloadinK Basic Slag in Blocks. 

temperature of. 1200 ’, rises to 2100“, all within thirteen railiutes. 
The phospflorus is oxidized and is eonverted into ortho-phosphoric 
acid, and as it is in the presence* of excess of lime, it coinbines m 
a peculiiu* form-»tetrahaRic phosphate— asftxjiated with calcuirn 
silicate forming what is known as basic .slag. When the operation 
is finished, which is ascertained by the appearance of the gas given 
oft from the top of the converter, the latter is iiychned on its axis, 
the current of air is suspended and the liquid slag floating on the 
cast-iron is poured into a metallic trdck forming a case and 
containing a certain quantity of fifiely pulverized fused silica, ihe 
weight of the slag in one of these trucks may amount to 4^ tons 
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and even m#re. The whole is conveyed on rails to the spot wj;iere 
it is to be handjed, and after cooling, facilitated by sprinkling with 
water, the mass is remo\ied from the truck and discharged into a 
crushing shed. « i 

The Nature of Basic Slay . — Basic Slag occurs as more or fess 
bulky blackish fragments, porous, strewn with pellets of steel and 
of great density. It slakes in the air ; the caustic lime absorbing 
moisture and carbonic acid and the ferrous oxide oxidizing. Con- 
trary to an opinion expressed at first, the absorption of carbonic 



I’reliniinary lireaking-up of Basic Slag. 


acid decomposes the tetiubasic phos]^hate. In the porous ])art of 
the slag translucent crystals are met with, rhombic tablet^, hexagonal 
prisms, and monoolinio needles IQ to 15 mm. long, of a grey, brown, 
or blue (produced by FeO) colour intermingled or ranged symmetri- 
cahy. These crystals* consist principally of tetrabasic ph^^sphate of 
lime, Ca^PjjOy. They have been the object of very interesting re- 
searches, the principat points of which will now be summarized., 
Tetraphosphate of Calcium. — Ca^PgOj, may be regarded as being 
the neutral salt of an octobjisic diphosphoric acid, P.^O(OH)g, not yet 
produced in the free state, the s|ructui*al formula of which would 
ne the following ; — 
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p J 

.OH 

OH 

[-[ 

,r 1 

OH 

OH and that of the corresponding ^ 

( OH tetra calcic phosphate 

1 OH 

1 OH 

i 


[ OH 

[ 


The presence of this compound in basic slag has been determined 
by a great number of scientists, so that there can be no doubt as to 
the soundness of the hypothesis enunciated above. The small blue 
crystals which are found in the paste, and more especially in the 
ijeode.H oi the slag, were studied from a crystallographic point of 
view 1 ^ A. Richard, who refers them to the orthorhombic system, 
and notes amongst their properties a strong double refraction and 
a very marked dichroism, the same crystal appearing colourless or 
a beautiful cobalt blue in 0])po8ite positions. Prof. Carnot at this 
time termed these crystals silico phosphates of lime and gave them 
the* formula P.Pr, 8 i 025 Ca 0 . In the same year Hilgenstock 
examined the other crystals. He found in the 8 cona 3 of the slag, 
crystals in the form of thin rectangular tablets colourless or of a light 
brown tint according to the thickness. He placed these in the rhombic 
system, and recognized their composition as that of a tetrabasic 
phosphate of lime, Ca^P.^y or P./) 54 CaO. This analysis, having 
given rise to a certain amount of discussion, it was again taken up 
by Carnot on the one hand atid on the other by Stead and Kidsdale. 
They found f - - 

• • 

TABLE LV.— ANAliYSES OF CRYSTALS OF TETUAHASIC FHOSFHATE 
OF LIME FOUND IN BASIC SLAO. 


Phosphoric achl . 

Carnot. 
/Vr crnl. 
a? <57 

Stead and liidsdale. 
Per cent. 
HH-044 

Silica .... 

(>•74 

traces 

djinu' , . . . 

SU-od 

i;()-20() 

Magnesia 

traces 

*0-82p( 

Ferrous oxido 

. , 1-44 

1 0-100 

Alumina 

o-a7 

Vanadium oxido •. 

— 

• 0-72‘2^ 

Sulphur 

— 

0-150 

• 

oy-7(i 

100-050 


These results contii in the formula of tetrabasic phosphate of lime, 
besides the two forms of crystals* described. There were likewise 
found brown or almost colourless needles of a hexagonal form. 
Analyses of these give the following figures : — 
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TABLE LVI. -ANALYSES OF HEXAGONAI. CUYSTAI.S rt)UND IN 
BASIC SLAG. 





• 

! Hilgeiistock. 

Bucking and li uk. i 

Head, i 


Fit t ent. 

Fertent, ! 

IVr tent, i 

Phosphoric acid 

34 lU 

30-77 

33-707 

Silica 

3‘24 

3 -SI ! 

3-000 

Lime 

57 ••».■) 

53-51 

53-530 

Magnesia . 

— 

0-40 

0-4H0 

Manganous oxide 

. . — 

2 ''I'l 1 

0-700 j 

Ferrous oxide . 

4 00 


1-2S0 ! 

P'erric oxide 

. 

1-7H •> 

4-857 1 

Alumina . 


1 -00 

! 

Vanadium oxide 

— - 

— 

J-343 

Sulphur . 

— 

traces 

0-400 


00-73 

00- >H 

100-305 



Feeding Basie Slag into Ball Mills. (Vi.,^' from above.) . 


Che differences which exist lx.-tween these analyses are explained 
)Y the difficulty experienced in isolatin^^ the crystals from the* an- 
/urities which remain partially adherent thereto. Stead ^idsdale 
lave in fact distinguished two other varieties of crystals, flat black 
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needles, some^of which are magnetic, while the others are n?)t so. 
They have found the coijjposition to be as follows : — 

TABLE LVIL— ANALYSES OF BLACK NEEDLES, MAGNETIC mD 
NON MAGNETIC, FOUND -IN BASIC SLAG. 



Magnetic. 

Nonmagnetic, 

Lime .... 

. 30*088 

44*730 

Magnesia .... 

. 1*297 

0*936 

Alumina .... 

. 6*400 

9*700 

Ferric oxide 

. 33*857 

35*657 

Ferrous oxide . 

. 8*100 



Mangafious oxide 

. 1*748 

1*023 

Chromitim sesquioxide 

. 5*980 

4*200 

A^lmadium oxide 

. *2*656 

2 *‘223 

Silica .... 

. 1*100 

0*900 

Phosphoric acid 

traces 

0*740 


99*826 

100*109 



Handling of Ground Basic Slag, (Bagging-up in 100 kilos (‘220 lb.) lead-sealed bags.) 

According to these authors, these crystals would therefore consist 
chiefly of ferrite and of aluminat^ of lime. The analyses of the blue 
crystals give : — 
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TABUg) LVIIL— ANALYSES OF BLUE CRYSTALS FOUND TH BASIC 



SLAG. 


• 

% 

Carnot. 

^ - 

UilgenstOik. 

Bucking and Link. 

• 

l‘er cent. 

Per cent. 

Per cent. 

Phosphoric acid 

29*05 

90*85 

91*19 

Silica 

12*42 

9*42 

9*47 

! Lime 

59*20 

57“tI0 

57*42 

1 Magnesia . 

traces 

2*94 

traces 

Ferrous oxide . 

1*H0 

0*95 j 

: Manganous oxide 

traces 

— 

— 

Alumina . 

2*70 

: — 

1*19 

tljtcos 

Sulphur . 

• 1 “ 

■ 

► 

99*89 

100*81 

100*10 * , 


Tliesc iigures corrosjjond (*xactly with tho formula — 

HP/).., HSiO... ahCaO, FeO, Al/)^ 

By replacing small (puintities of oxide of iron and alumina by 
equivalent amounts of lime, a more simple fornnda is arrived at, 
P.^0., SiO.o, (JaO, which may also he written — 

P.0,, dOaO -f SiO.,, 2(JaO 

Hilgenstock and ('arnot have examined the order of formatioif of 
the crystals, and hoih have come to the same conclusions. 

The first crystals which are formed ap))ear to he the rectangular 
tablets on which afterwards come the brown hexagonal needhjs. 
is only later that the rest of the slag, becoming richer in silica, iso- 
lates the blue and brilliant crystals. These are superposed by the 
brown and black needles. The order of appearance seems, therefore, 
regulated both by the gradually decreasing temperature and by the 
composition of the bath of slag which becomes richer in silica and 
less rich in phosphoric acid, (yultural experiments hav(} been made 
with the object of examining the ‘action of certain elements of basic 
slag. These will be examined subsequently. 

Solubility of Basic Slay,— ¥orn^r\y basic slag was regarded as 
a product of no value, because there was no suitable means of dis- 
solving it, oiv’ing to its high percentage of iron and lime ; neither 
was any attempt made of utilizing it in agriculture, because it \ya8 
Very^well knowm that raw’ phosphates possess *00 direct fertilizing 
value. Scheibler suggested the preparation from the basic slag of 
a precipitate (German patents 24,130 and ^5,020). For that pu^ 
pose he treated 100 parts of basic sl^ig in powder with 120 to 1^ 
parts of hydrochloric acid and precipitated the jihosphoric acid by 
mil^ of lime. Francke recommended the decomposition of basic 
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slag by Aiagnesium chloride (German patent 27,106), confvei*ting ^ 
the phosphoHc acid into phosphate of magnesia. G. Meyer, on his 
part, suggested the treatment of fused basic slag with its ow^ weight 
of acid sulphate of potash. ' The silicate of jx>tash ought to gi^e still 
better results. The object of all these treatments was to facilitate 
grinding on the one hand, and on the other to increase the fertilizing 
value of the basic slag, by dissolving it. But up till now no steel- 
works has felt it advisable to resort to these mixtures, in order to 
improve the manipulations which they suppose in no w'ay hinder 
the progress of the manufacture. The last-mentioned process W'ould, 
however, appear to have the advantage of suppressing the un- 
pleasant^-element which the spreading of basic slag now pi’esents. 
None of ‘the })rocesses w hich have been suggested to increase the 
ferrtiizing value of this manure need be dw’elt upon here, since 
Ihey have not been adopted in actual practice. It was first of all 
^asserted that the phosphoric acid of basic slag, owing to its origin, 
was less solulde than that of the ordinary form, but V. Reis and 
Arens, amongst others, showed that phosphoric acid combined with 
.the silicate of lime was soluble in carl)onated water. It is from 
these researches that; the use of basic slag in agriculture dates. The 
results obtained by these tw’o are given in the following table (p. 212) ; 
the figures of this table showing the great solubility of basic slag in 
water saturated with carbonic acid com])ared w'ith that of the other 
jTh^sphates, The decomposition of tetraphosphate of lime takes 
place according to the efjuation — 

r.O.Ua,, + BCG., + 5H.,0 = CaH,(PO.,)., -f 3CaII,(CO..)., 

^here is thus formed an acid phosphate of lime such as is also 
found in superphosphates. The solubilTty of basic slag in citric acid 
and in citrate of ammonia and also in tartaric, acetic, and oxalic 
acids has been the subject of profound researches by E. Jensch 
which are of so much the greater interest because the solubility in 
the same solvents of the calcareous silicates always present in basic 
slag w’ere determined at the same time. Jensch's researches were 
m^ide on basic slags of very ditTereiil ages and origins for comparison. 
HeMetermined also the solubility of both Podolia plmsphorites and 
Somme phosphate. The metiiod pursued consisted in mixing in 
-each case 1 grm. o^ the substance with 150 c.c. of the solvent con- 
centration 1 in 20, exposing the mixture ^luring twelve hours to a 
temperature of 50'’ to 70° C., then diluting the solution in 100 c.c. 
of w^ttSr. The licjiiid w'as heated to boiling, filtered to separate the 
insoluble matter ignited, and the phosphoric acid titrated in the 
usual w'ay. The difference in the contents of the different elements 
in the residue, on the one hand, and the raw material, on the other 
hand, gives the quantities dissolved by the organic acid. Jensch 
i)perated on eleven samples of basic slag reduced to a fine powder 
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(1 to 11); three samples of crystals of raw slag (12, 13, 14). A 
sample of Podolian phosphorite (15) and j^^sample of Somme phos- 
phate ( 46 ). The following table (p. 213) }^»ves, on the one hand, the 
proportion of silica, lime, and phosphoric acid, on the other hand, 
the quantities of phosphoric acid dissolveil hy the different solvents, 
also the amounts remaining undissolved in the residues. These, 
figures show that the phosphoric acid behaves in the same manner 
in basic slags containing more than 18 per cent of that acid as in 
those which only contain it in small proportion. Thus it is that 
rich basic slags in current use in agriculture only contain 0-13 to 
0‘20 insoluble in citric acid, whilst low strength basic slags only 
contain 0‘04 to 0T4 per cent. The solubility in oxalic atiid yields 
equally ooncordant results. That acid dissolves tetracalcic phosnhate 
and only gives a slight residue of insoluble which consists pi ooably 
•of tricalcic phosphate. The crystals separated from the basic slags 
(12. 13, 14) show a still greater solubility. The other organic acids 
used in this series of experiments act less energetically on the 
phosphates of basic slag; however, here again a certain uniform(Jy 
can be established between the solubility of the different phos- 
phates. • 

The silicates, which are highly basic, although of a composition 
often very variable even when of the same origin, are distinguished 
by their solubility in the organic acids, a pro])erty which is absolutely 
wanting in the silicate compounds of the natural phosphates, ]4ios- 
phorite, apatite, etc. It follows that the degree of solubility of the 
phosphoric acid of basic slag depends on the nature of the calcare- 
ous silicates contained therein. Again, if the fragnumft^ of basic 
slags show a uniform crysWilline structure, that is to say, if they affT 
deprived of agglomerations of caustic lime, which are sometijues 
observed therein, their content in free lime will be very small and 
will rarely exceed 2 per cent. Hut the more th(*se calcareous ag- 
glomerates are present, the higher will be the free lime content. 
It is true that this lime, not being combined chemically with the 
phosphate, but in a state of simple mixture, and up to a certain 
point as impurity^ cannot exercise any influence on the solubility of 
the phosphoi4c acid in the soil, for those bodies can only act as 
solvents which are of a nature to Inodify the chemical nature of 
another body. The neglect of this principle hashed some authoriti(i^? 
to ascribe to the uncombined lime in basic slag an impoitance 
which it absolutely does not possess. What determines the solybility 
of the phosphoric acid in basic slag is the strongly basic calcareous 
silicates with which it is combined. 

The magnesia likewise forms with the*phosphoric acid a tetra- 
phosphate, but the solubility of thisMxxly considerably exceeds the 
solubility of the corresponding calcareous compounds. Basic slags 
rich in magnesia dissolve much more rapidlj in organic acids than 
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those in wkich magnesia is absent. The action of citric acid on the 
slags shows that the magnesia is chiefly combined wnth the phos- 
phoric acid and not witlt^he silica. It is perfectly possible, and in 
all cases veiy likely, that the action of phosphoric acid of bs^sic slag 
in the soil depends, in the first instance, on the presence of these 
silicates. We would thus be confronted with double compounds, 
phosphates, and silicates of calcium which are dissolved with the 
greatest facility by water containing carbonic acid, hence, therefore, 
the solution of the pliosphoric acid and its absorption by plants 
follows. It has been remarked, in fact, that the most active basic 
slags are always those with a high percentage of silica. Steel-works, 
therefore, nossess a very simple and in no way costly method of in- 
creasing tfje solubility of basic slag in citrate ; it suffices to add hot 
sand 40 it in the converter: the sand melts like butter, is converted 
into silicic acid and combines with the phosphate of lime to increase 
its solubility. It is clear, in that case, that lime should not be de- * 
ficient in the slag. Silica, therefore, plays a very important role 
in the basic slag. Ca 2 SiO^ converts the slightly soluble phosphate 
of#the slag into Ca^Pj^a according to the following equations : — ^ 

Ca 3 (P 04 ) 2 » + CajSiO, - Ca^P.O^ -P CaSiOa 
-P 2 Ca 2 Si 04 = Ca,P;Oy -p 

The introduction of an excess of silica also helps to decompose- 
OaiPjOg. There exists in Germany a factory which makes basic slag 
with *24 per cent of phosphoric acid according to Scheibler s patent 
(German patents 34, 41() and 41,303). A little less lime than that 
required for the complete dephosphorization of the cast-iron is added 
■to the convertfu’, and the slag so obtained run out. The remainder 
01 the lime is then added, and the low sC'rength slag which results, 
is used as a reducing substance in the converter. To increase the 
strength of the slag in phosphoric acid, phosphatic chalk may also- 
be added to the cast-iron in lieu of lime, eventually mixed with 
sand. Fused phosphatic chalk has the same solubility as the best 
slags. (CaCOj melts at 1000° C., the phosphate at 1900° C.) 

Crushing of Jfiasic Slag , — In the beginning of the basic slag 
industry the material was found very diflicult to crush. ^ Cylindrical 
crushers and flatstone mills were used at that time. * But as the 
basic slag is mixed with grains 01 steel of larger or smaller size, the 
plant became rapidly worn out. Attempts were then made to eli- 
noinate the pieces of iron in the basic slag by means of magnetic 
separatoKS. But thet>e methods did not give good results; l^he 
separation of iron was incomplete and the cleaning of the machines 
involved frequent stoppj^ge. From 1888 mills with forged steel 
balls, the wear of which is very jilight, have been used. Ball mills, 
moreover, almost entirely do away with dust, owing to the installa- 
tion of a special chamljer intended to collect it, and of a draug^jit 
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chimn.(?\’ which draws it thereto. The hot air entering draught 
chimney contains the dust formed in the crusher ; ahoflt I per cent 
of dust J^ing produced for 100 of line ponder. M'hen fans were 
used— jprevious to the present system— G })er cent of dust was 
obtained. The dust chamber is emptied every eight to lifteen days, 
according as the work is by day or continuous day and night. The 
blocks of basic slag are lirst broken up by hand to eliminate })ieces 
of iron, which are laid on one side to return to the foundry. The 
basic slag so obtained is then reduced to a lint* jamder (])assing 
through a 100 sieve) in hail mills. The })owder is eolK'cted from 
the low’er part of the mill and bagged u)) in 2 cwt. (220 lb.) bags. 
Formerly the basic slag was allowed to slake in tlie air,.and the 
fragments, after eliminating the iron, were ground in llatstoju' mills. 
But basic slag, slaked after long ex})Osure to atmospheric ag^^nls. 
sometimes contains excessively hard ])ieces. resisting tla* most powau'- 
ful grituling; for this reason the method was abandoned. The 
treatment to which the basic slag is subjected as it comes from the 
converter has a considerable elVect on llu* grinding. V. Heis has 
.. examined the composition of basic slag and its relation to \\m 
resistance to grinding. From an outward inspection there aie two 
kinds of basic slag, block slag and ])Oured slag. Jdock basic slag is 
product'd wlien it is allowed to solidify in the wagons into w hich it 
is poured from the converter. U then cools slowly and uniformly, 
and may be removed in a single block which is easily detached from 
the platform of the w agon. Poured basic slag is obtained by ])ou?ing 
the. contents of the wagon on the ground. It syu’eads out* in a thick 
layer and cools rapidly. This kind of basic slag is gem^ally very 
hard ; grinding is ditiicult and re(|uires a great exj)(mdit\n‘(‘ of moti\;^ 
y)OW'er. Basic slags in bfocks, on the contrary, are more easily 
ground, hut they also contain very hard lumy)s. The following table 
by Reis gives the comyjosition of different slags and their resistance 
to grinding : — 


T.\nLR bXL— Kri’RCT OF COMPOSITION OF BASIC SbAO ON 
FACILITY OF (JKINDINd. 



1. 

11. 

111 

• 

IV. 

V. 

VI. 

Vfl. j 

! Silica 

• 

0-77 

10-11 

0-00 

4-88 

• 

, 8-07 

0-00 

j 7-OT 

; Phosphoric acid . 

10 -‘ri 

11-75 

17-75 

10-25 

18-48 

18-30 

! 22-50 

Alyinina 

1-OH 

1-58 

0-05 

0-50 

1 1 -40 

1-37, 


j P’erric oxide 
‘ Ferrous oxide 

i t)-‘hJ 

10-41 

5-70 

5-14 

' :t-45. ! 

2-87 

j 5-27 

: 10-77 

10-55 

10-05 

12-40 

10-13 

11-43 

1 0-40 

i Lime . 

i ol-OO 

HI -00 

48-42 

48-l’> 

40 47 

50-77 

1 47-30 1 

j Manganous oxide 

: 7-10 

14-01 

7-71- 

0-23 

0-35 

7-28 

' 7-81 ' 

1 Magnesia . 

HOI 

2 08 

2-05 

2-38 

2-03 

1 1 -57 

j 1 -07 

j Crushing 

ditiicult 

easy 

easy 

less eas,'i^ ditiicult 

i dimcult 

easy 



216 


CHEMICAL MANURES 


I. i*oured slag, dark brown, hard and difficult to grind. 

II. Block slag, grey, lamellar, friable, easily ground. 

HI. Block slag, slS^e grey, firm, and easily ground. . 

IV. Block slag, grey, firm, vesicular, less easily ground. ^ 

V. Poured slag, dark brown, h 9 .rd, brittle, difficult to grind. 

VI. Block slag, brown, brittle, hard, difficult to grind. 

VII. Block slag, grey, lumpy, difficult to grind. 

It follows from these figures that in general the chemical com- 
position of basic slag has only a slight effect on its physical pro- 
perties, whilst the percentage of oxide of iron would appear to 
increase their resistance to grinding, as the following table shows : — 
« 

TABLE BXII.— SHOWING THE INFLUENCE OF THE BATIO OF THE 
r’EllOXIDE OF IKON TO PROTOXIDE ON THE EASE OF GRIND- 
ING OF BASIC SLAG. 


Banic Slag. 

Poroxiile of Iron. 

Protoxide of Iron. 

I’atio of FegOa 

j Grinding. 

*• 

1 

O-Ofi 

10-77 

1 ; 11-2 

1 Diflicult 

2 

10-41 . 

10-5.5 

1 : 1-0 

easy 

3 

5-70 

i 10-65 

1: 1-0 

1 i 

4 

5-14 

12-40 

1: 2-5 

1 less easy 

5 ^ 

3-45 

10-13 

1 -. 3-0 

diflicult 


•2-87 

1 11-43 

1 : 4-0 

i 

. 7 

3-27 

6-40 

1:1-2 

easy 


When th^^ ratio of the peioxide of iron to the protoxide is lower than 
: 3 the basic slag is generally easily jjround, especially when the 
peroxide of iron is in preponderant proportion, but when the 
protoxide of iron predominates largely the slags are hard and difficult 
to grind. It is important to watch the sieves around the crusher, 
and see that they are working well, so as to be able to remedy any 
defect forthwith. With this end in view, the basic slag produced 
each time by four crushers is carried to a weighing machine ma- 
nipulated by a trustworthy man ; the latter registers the production 
of e*Kch crusher, takes a small sample from each bag, which he 
examines by the feel and the yieve and runs it into a hox installed 
for the purpose, oi; each chief grinder weighs his product and is 
Mmself responsible for the good execution of the work and its bagging 
up. Then the sacks are carried to the depot. Since in the slack 
seasem 'orders must* be executed from stock, it is necessary to- use 
very sound and carefully sewn bags and to preserve them full in a 
dry place, because grouad basic slag, owing to its high lime content, 
is apt to solidify in a damp place. The moistened powder cakes 
together and cannot be rendered friable by drying as one might 
suppose ; it only becon'os harder. The 2 cwt. bags (220 lb.) mea^ire 
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<50 90 cm. (20 x 36 in.). Even in using sound lAgs some of 

them rot when stored full. That is why basic slag is stored in iron 
silos. 

It •has already been mentioned that the cooling of Imsic slag is 
accelerated by quenching with water, an operation which is not 
without danger. When basic slag, solid on the outside but incan- 
descent within, is exposed to the shower of water, this may })enetrate 
into the interior of the block by ci*acks and crevices ; it is converted 
into steam which occupies a volume 1300 times greater at 100*^ C. 
and 7500 times greater at 1000" C. When such steam is given off 
instantaneously a verj' small quantity of water suffices to cause an 
explosion. It may also happen that a block of basic slag in which 
the centre portion, still liquid, may escape, will he j^iarticularly 
dangerous for the workmen. It is necessary, therefore, to drii^v their 
attention thereto. Finally, gas may form inside the basic slag with- 
out exterior aid, which, in virtue of its tension, seeks an outlet, and 
not finding any, blows the block to pieces. When a crusher has to 
be repaired, and if the repairs cannot be done on the spot, it is con- 
veyed to the forge on a moving crane or on a truck running on r%il8. 
Crushing being a work which requires to ho continuous, the 
machines are not stopped except for dinner*at noon, otherwise they 
work continuously, the workmen replacing each other at lunch 
time. During the dinner hour the machines ari* inspt'cted and the 
bearings lubricated. The grinding plant should be simj)le. Owing 
to the peculiar nature of the substance to be ground, eonveyets and 
mechanical feeders are not applicable. A crusher of 2 metres 
(6ii feet) can produce 15 tons in 10 hours of ground basic slag, when 
the basic slag is freshly cooled and not too hard. P.^lt'llman^^g^ 
Berlin (German pateiit f07,234), proj(!cls a jet of steam or air into 
the liquid basic slag at the moment it is discharged by the conv(^rter. 
The basic slag is then blown into a friable mass which is \ t‘ry easily 
ground. The basic slag in blocks is sold to tlu; grinding factories 
according to its percentage of phosphoric acid. Th(; deUa inination 
is generally made on the powder produced during crushing, assuming 
that the grinders possess covefed and very dry warehouses. On tlie 
other han(^ the vendor takes a sample from each lilock by chipping 
off a fragment with the hammer jjnd from the collected chi])s a fair 
average sample is taken at the (uul of each y:ionth. The sample is 
crushed, •lixed, and divided into thrwi parts ; one part is sent t(f the 
buyer, the other to the sender, and the third is sealed and kept in 
i^gserve for an indejjendent analysis in of differcume. The 
exchange of analyses on both sides is made on a certain day, and 
the average is taken as a basis w'hen the^ditfercmce betwe<*n the two 
analyses does not exceed 0’5 per, cent 1^20 j,. if the difference be 
greater, the sample in reseiTe is sent to an analytical station agreed 
pn by both buyer and seller, and the analysis which it supplies forms 
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the sole basis of adjustment. The cost of the analysis is borr» b)^ 
the party whoste analytical results are furthest from those of the 
analytical station. If th«^nalytical results on both sides differ to- 
an equal extent from the exjierimental station, the costs of Settle- 
ment are defrayed equally by both parties. * 

Basic sla^ is delivered to farmers ^dthout any admixture with 
other manures. If it be mixed with potash salts it heats and 
gradually solidifies, the caustic lime, acting on the magnesium 
chloride they contain, forming magnesium oxychloride, which is a 
powerful cement ; if mixed with sulphate of ammonia, the caustic 
lime acts on the salt with consequent loss of ammonia. Finally, if 
mixed with nitrate, the nitric acid may be reduced to ammonia by 
the iron winch is contained in the slag in the form of a fine powdeiv 
and tliyp ammoniii expelled hy the caustic lime. 

Customs ill the Sale of Jia.sic *S7(q/.-— From 1 July, 1895, 
according to a decision of the Assembly of German Agriculturists, 
basic slags were sold on the basis of their phosphoric acid soluble 
in citrate, without taking into account their total phosphoiic acid, 
noi;.the degree of fineness. 

But in its General Assembly held in 1898, the Union of Experi- 
mental Stations decidM no longer to use Wagner’s citrate of 
ammonia solution. It, moreover, found that steel-works, to increase 
the solubility of their basic slag in citrate, were adding to the cast- 
iron. not only silica, but more lime. The effect of this was to 
increfljso the alkaline nature of the basic slag, and the Union esti- 
mated that this increase in alkalinity justified the selection of a 
solvent of greater acidity in the estimation of soluble phosphoric 
acid. The 2 per ccnit solution of citric acid forms, in fact, a more 
accurate method than citrate of ammonia for basic slag prepared 
according to this new process. But Professor Wagner estimates 
that the 2 per cent citric acid solution dissolves 7 per cent more of 
the total PoOr, in basic slag, that is to say, it shows 16 per cent of 
soluble phosphoric acid where the old method only showed 15 per 
cent. 

There is at the present time a te'^idency to value basic slag on 
the b&ftis of its total phosphoric acid content, a plan which has some 
justification, judging from the cultural experiments made on the 
subject by Meissl and Defert in Austria. 

tiieviarks on the Use of Basic Slag . — It i^ not intended to 
examine here the effect of basic slag on vegetation ; that examination 
being (idly dealt with ^in a special work just published by tl;ie 
author. The remarks made here will therefore be confined to a 
few points more immediately connected with the study of basic 
slag. 

Gutfroy, an agricultural engineer, having undertaken researches- 
as to whether the silica ^nd the manganese in basic slag had any 
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fertilijiing action, isolated, as completely as possible, the bliie crystals 
(silico-phosphate) and the brown crystals (tetnipbosphj»t(‘), exaniint'd 
above, and caused them to be analysed jn Professor Grandeaii’s 
laboratcHy. The following are the results : — 

TABLE LXIII.— ANALYSES OF BLUE AND BROWN CRYSTALS IN 
BASIC Sl.AU. 


11 

'jojDi Cnjstal'^. 

/.’//O' Crystal 


l\'r irnt. 

/Vr (vn/. 

Total phosphoric acid .... 

•21-71 

•20 -J8 

Lime 

48 -SS 

.■)1 - Vi 

Silica 

1-4'.) 

iV17 

Manganese ealouliited to the inetallic 
state 

2-4»; 

1 -SO 


Trials were then made : — 

1. With a basic slag of known composition. 

2. With a basic slag presenting the sanu* comi)Osition, and of 

which the phosphoric acid was furnisht'd by crystals of tetra- 
phosphate and silico-phosphaU; of natural l)asic slag. • 

3. With an artificial basic slag in which, by using only tetra- 
phosphate, and in another silico-phosphate, there was foriued : — 

(a) A basic slag deprived of silica. 

(b) A basic slag containing little manganese. 

From the comparison of th(} results ol)tained it was ea«y> 
consequently, to infer the action of the ingredients, mangiftieso 
and silica. The first researches were made in collaboration by 
Gulfroy, Milon, and Cre]>eaux, The results have been sumnnu ized 
by the National Society of Agriculture.* 

The plants experimentJ^id on were buckwlieat, wheat, and violet 
trtjfoil. From this first series of exjieriments there was dethiced the 
double efficacy of manganese and silica, in liasic slag Ehulc brand. 
The second series of experiments, the results of which were not 
published, were made by GulTroy and Milon aloiui, on wheat, 
buckwheat, and hemp ; at the same time the violet trefoil of th(! first 
experiment was kept under observation. The result of these exj)eri- 
ments may summarized thus : — , 

1. Apart from its phosphopc ^cid, lime and magnesia, htoile 
basic slag has proved efficacious owing to its manganewi and silica. 

2. Manganese from an agricultural point of view ought tod)e 

regarded as an important constituent, influencing both the (piantity 
and the quality of the crop. . * • • . 

3. It seems that silica, at least in the condition in which it exists 
in Etoile basic slag, also acts in the saijie direction, but that its 

• 

1 “ Bullet, (le la Soc. National d’AKric., pp. TT'J-HH : “ On the Ferliliz- 

Action of Certain Accessory Products in Basic SJaK”. 
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ikotion is ureaker, less decided, and requires to be further studied in 
order to establish without question its beneficial action. 

According to the Ins^^itute Internationale d’ Agriculture, Home, 
the production of basic slag* in 1910 was as follows : — • 



Metric tons. 

Germany 

2,007,500 

France .... 

534,000 

Belgium .... 

488,000 

United Kingdom 

160,000 

Austria-Hungary 

74,000 

Sweden .... 

12,345 


3,275,845 


“TheiFc figures are based on the assumption that 250 kilos of slag are 
formed per ton of steel produced. As pointed out by Dr. Russell \ 
the figures for the United Kingdom are certainly incorrect. Ac- 
cording to Professors Gilchrist and Louis 2 the production in this 
•country is 850,000 tons, some of which is of low grade, the 
^rcentage of phosphoric acid being about 10; if, however, it is 
•calculated to a basisj of high grade quality, i.c. containing 17 to 
20 per bent of phosphoric acid, it amounts to 600,000 tons. 


^“Jour. Soc. Chein, Indt.,” 11H7, p. 252. 


p. 2131. 



CHAPTER XII. 

NITllOQENOUS MANURES. 

The most widely distributed nitrogenous manures are iiitrate of 
soda (Chili saltpetre) and sulphate of ammonia. A thiiid class of 
purely nitrogenous manures is that represented by animal \»iiste. 
* These latter products are of considerable agricultural importance, 
although those in the manure trade do not appear to recognize 
their value. These three forms of nitrogenized manures are not 
only diftereiitiated by their chemical composition, but by tbeii’ mode 
of action in the soil. They form therefore thme distinct class«, 
which will now be examined. ^ 

Nitrate of Soda . — Nitric acid compounds have been kitown for 
a long period. It is probable, according to Ilerapath, that the 
ancient Egj'ptians used nitrate of silver to make their inscriptions 
on the bands in which they w'rapped their dead ; it is the safne 
chemical compound as that known as infernal stone (lunar caustic) 
W'hich is used to mark linen and the skin. So far back as the; eighth 
century of the Christian cm, Geber and Marcus de.scri|)e<l a body 
which they called salpctrce, which corresponds with saltpetj^, 
nitrate of soda. In the twelfth century, Raymond Lulli called thif 
body salnitri. Since then the term saltpetre, or nitre, has beer 
used to designate nitrate of potash, whilst nitrate of soda is callec 
Chili saltpetre, or nitre, in Great Britain. 

Nitric Acid consists of nitrogen, oxygen, and hydrog(*n ; its 
chemical formula is HNO^. ^t thus contains fourteen parts ol 
nitrogen (22’2 per cent), ’forty-eight parts of oxygen (7019 per c^mt), 
and one part of 'hydrogen (1*59 per cent). It forms a very caustic 
fuming liquid (attacking organic nmtter, strongly burning the skin) 
In the concentrate^ state it has a density oi^l ’52 (104“ Tw.), bul 
the commA’cial acid is generally much weaker : D =» 1’20 to 
(40® to 80® Tw.). It decomposes easily, giving up a portion ol 
it? oxygen to oxidizable bodies, such as carHbn, sulphur, •sulphur- 
ous acid, and then passes to less highly oxidized 'states. Metalli( 
zinc reduces dilute nitric acid, converting it into nitrate of ammonia 
With bases it forms salts, w’hich with the exception of some bask 
metallic salts, are soluble in w'ater. Nitric acid is formed almost 
exclusively by the oxidation of ammonia, or of nitrogenous mattei 

• (2211 
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of animal^origin, under the action of the air in presence or oases 
(carbonate of lime^. However, this spontaneous formation in the 
soil is very slow in oui^ climate. It is, on the other hand, very 
rapid in Southern countriej?, Bengal, Hungary, Spain, S. Any?rica, 
where the conditions of temperature and of moisture in the air 
conduce considerably to the oxidation of nitrogenous animal matter. 

For a long time these countries where nitrates exude spontane- 
ously from the soil, and cover it with a layer like hoar frost, alone 
supplied Northern Europe, up to the time when they succeeded 
in making mixtures of soil to produce saltpetre. This industry was 
conducted in saltpetre fields. Limestone, marl, or washed wood 
ashes were mixed with animal matter, urine, dung, straw, etc. 
Heaps were made, which were left to themselves in the open air 
for naarly a year, frequently turning them. When the earth was 
ready, that is to say enriched, it was lixiviated. To eliminate the 
lime from the liquor obtained, it was treated with wood ashes, and 
clarified, and evaporated to obtain saltpetre. That method, which 
requires much work and only gives poor results, could only be 
applied in countries which, deprived from communication with 
the south, as in timq of war, were obliged to live on their own 
resourctfs, as France and Germany were during the continental 
wars. This method, therefore, was abandoned. 

But the sources of saltpetre indicated above barely sufficed for 
thft yeeds of industry, practically none of the material being avail- 
able for agriculture. The discovery of an important deposit of 
nitrate of soda in America, the working of which was copimenced 
in the yea^s 1825-28, enabled this material to be used largely in 
'M^ftg.'iculture. ^ 

Cfiili Nitrate of Soda . — South American nitrate of soda is dis- 
tinguished, more especially from ordinary saltpetre, by the fact 
that its acid is combined with a different alkali. In Indian salt- 
petre it is combined with potash (KNOg), whilst in Chili saltpetre 
it is combined with soda (NaNOg). It is met with in the Pampas 
of Peru, of Chili, and Bolivia, betwe^m ly*" and 27° of south latitude, 
abounding ^specially in the province of Tarapaca (formerly Peru- 
vian, now Chilian) and in the desert of Atacamk. ^The nitrous 
mineral caliche, or terra salitro^a, occurs as a layer 1 to 6 inches 
thick under a bed of ^ionglomerate, consisting uf sand, felspar, and 
pe'hbles, amalgamated by a cement consisting of clay aiM different 
salts forming a bed 20 to 30 inches thick. Its colour varies from 
grey tft t)rown. The conglomerate bed is sometimes absent, nn 
which case the mineral crops out at the surface. 

The caliche is never p«re nitrate of soda. It contains mixtures 
of nitrate of potash, common salt, iodide and bromide of sodium, 
alkaline sulphates and sulphite of lime mixed with sand. The 
proportion of nitrate t)n the average being only 25 per cen*. 
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■althdligh picked pieces may contain more. The (ollowirtg gives the 
percentage of nitrate in different products ; — ^ 

^ i-ABLE LXIV.— SHOWING COMPOSITION OF CALICHE. 


• 

Salt} el re. 

Common Salt. 


Per cetit. 

Per cent. 

Yellow salt, pure hard, with small crystals . 


12 

Yellow salt, pure porous soft, with larj^c crystals 

rt.'»'7 

281 2 

Yellow caliche, veined with brown 

♦U-7S 

:12 02 

White caliche, hard and with small crystals 


14-:t0 

White caliche, porous and large crystals 

ds-o:t 

28 -Lt 

Brown caliche, porous and large crystals 


20-70 


Opinions differ as lo the method of formation of tl;»is deposit, 
which occupies a surface of about 60,000 hectares (ir)0,000^icres) 
and contains about 170,000,000 tons, llillger’s is the most likely 
theory ; he believes that the nitrate is formed from the nitrogen 
of guano deposits, which covered the shores of a great soda lake 
by a process analogous lo that to be seen in Hungary in our own 
time. The soda salts of the sea water would simply convert 6be 
nitric acid formed by the oxidation of its ammonia into nitrate of 
soda. This opinion has in its favour all Ahe facts and, circum- 
stances met with in tb.e deposit. Moreover, trac(‘s of guano aie 
still found in the crude salts. To extract the crude salt a hole is 
dug in the ground 50 cm. (20 in.) in dianu'ter ; when the saltpatre 
bed is reached a chamber 90 to 100 cm. (35 to -U) in.) in diatneter 
by 30 cm. (12 in.) deep, and 150 to 200 kg. (3 to 4 cwt.) of gun- 
])Owder is inseited. B\ < xploding the ])owd«*r by means of a fuse 
a considerable surface of the deposit is laid bare often'on a ra^U8^> 
10 metres (40 ft.) frotn the hole. The crude salt is hand pickecT, 
to eliminate stones and fragmtmts of less value; it is cnarged 
into baskets or into trucks, whicb camels transport or draw to the 
dissolving sheds. To dissolve the crude caliche three kinds of 
a})paratus are used. viz. ; — 

1. Open CanOiron -These are heated by naked 

tires. Two pans 2 metres in (liameter (6 It. 6 in.) are used for one 
furnace. Well water or water from a ])reviouH o}x*ration is ft'in in, 
then it is charged with caliche or^u ude siltpcitre reduced to pieces 
the size of the list. When the solution is concentrated enough, it 
is run into cases or lx)xes, where it clarities; it is then decanted* on 
the top of the depot and run into iron or wooden crystallizers; 40 
p^r cent of crystals is thus obtained andJK) per cent ®f.*mother 
liquor. 

2. Cylindrical Vertical Pam—Maynyms.- lUheHii are heated by 
direct injection of steam. They are H to 10 metres (26 to 33 ft.), 
with a diameter of 4 to 5 metres (13 to 16 ft.). Each of these pans 
fields in twenty-four hours 46 to 148 tons of saltpetre. The 
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clarified s<fiUtion is poured into wrought-iron crystallizers 4 to ^ 
metres (13 t(f 16 ft.) square and 0*5 metre (20 in.) deep, cry stal- 
. lization lasting three to teur days. The steam given off contains- 
an important amount of iodfne, which loss can be avoidedf Iry' an 
addition of soda. 

• 3. Vessels heated by a closed tubular steam coil, which have 
been introduced by the British and German companies. These 
vessels measure 11 metres (36 ft.), 1-85 metre (6 ft.) wide by 
1*85 metre (6 ft.) high, into which the mother liquor and the wash 
water are run and heated to boiling, then six trucks of perforated 
wrought-iron containing about 4 tons of caliche. The nitrate dis- 
solves in Ijie water whilst the residue remains in the trucks. To- 
hasten solution the liquid is agitated by the injection of steam 
and kot air under each truck by means of a Koerting s injector. 
This plant works more economically than the preceding. At the 
same time the solutions so obtained are purer and more con- 
centrated. To produce a ton of nitrate 3 tons of caliche is required. 
The crystallized nitrate is left to drain, then it is dried in the open 
aiA Nevertheless it always remains slightly moist owing to the 
presence of chlorides calcium and magnesium, and possibly also 
of nitrates of calcium and magnesium. It crystallizes in rhombo- 
hedra, and has a dirty reddish-grey appearance, due to the presence 
of a small quantity of oxide of iron and bituminous substances. 
Thb residue left by the solution (ripio) still contains from 15 to 35 
per cent of NaNO^. It is boiled with water torming a weak 
solution of 43° to 45° B. which is utilized to dissolve a fresh chai ge 
of crude sajt. The muds from the clarification are treated in the 
^•igaaa^e way. According to Dr. Langbein, they contain 67’ 1 per cent 
of common salt and 27*3 of nitrate of soda. 

A very full account of the Chilian nitrate industry has recently 
been given by I. B. Hobsbaum and J. L. Grigioin,^ from which the 
following notes are taken. Caliche consists of a very variable 
mixture of insoluble matter cemented together with soluble salts. 
The analyses of caliches are given on opposite page. 

Ip 1809 Taddeo Haenke, a Gferman living in Bolivia, de- 
monstrated the value of C’hilian nitrate, and since tlmt time the 
method of extraction has not V4*.ried except in details from the 
original, the object b%mg to obtain a solution fr^e from suspended 
m^ter containing as much nitrate of soda and as little sodium 
chloride and other salts as possible. This is done by working at a 
high teafpemture, sodium nitrate being very soluble in hot water, 
’while in this coricentrated solution sodium chloride is almost in- 
soluble. 


* “ Jonr. Soc. Chem. Indt.,” 1017, p. 52. 
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High (Jra'h*. 




Mointurfe . 
PotHS'iiuiii nilnito 
Sodium nitrate . 
cliloride 
,, ioiliite . 

Magnesium sulplmte 
' Caleium ,, 

,, nitrate . 
Insoluble . 

Total . 


1107 2'00:i 1 11?!' ‘2-704; i cmi I'KOI? 1?17:{ i-d:)! 

— _ _ ' — j o oos — 

o'i-OtJO 4><-700 .)0-2.>0 8:4 0H7ji;4-J70 12-4 1 4 084 Dl'UH) 

2H-4 17-8 80-2 2.‘)-7 120-8 18-0 17'H 01 

0 - 074 0-181 0-020 OOllj O-Ordb 0 - 0(52 0 010 0-182 

2-070 0 - 058 , 1-220 -- i 8 - 220 ; 0 - 075 | - - 0-240 

1 - 100 2-441 0-150 -- ' 0 - 885 ; 7 - 041 ! ^ 8 - 0 H 7 

2 - 585 2-177 8-110 8-280 4 - 0 - 20 ; 8 - 0 l 8 | . 5*150 8-840 

151.77 20-218 8-0 84 .507 42-218 51 -0.84'50-54;t O1I O8S 

00-045 00-048 00-080 00-0 12 00 00-000-082 00-051 00 081 


The iiltovt* authors tlistini;uisli three historieal })ei iods : the' 
first I’roMi ISOO to ISoh wlnoi the iinlusti v was imori^ani/.ed luul litt? 
op(M'atioiis of ])urilication w<‘n^ somewhat ])ymitivi‘, th(‘ solution 
heiii^ ])erl'oriiied in eoppto' pans of native manufactun* looted hy 
open fires. Durin;^ this period oidy the riclu'st caliche wtis worked, 
containinj^t ]j!olial)lv as much as HO per cent, of nitrate. Duriiij^ 
the second period, from ISoh to IHHO, steam was introduced jnlo 
the mixture of calich(‘ and water. During; tliis ^x-riod the raw 
material was still veiy rich, it heiii}^ stated on j:o(hI authority that 
caliche containing' less than .>0 ))(‘r emit of nitrate was ik 4 reinovi'd 
for treatnif'nt. In this jx^riod also cIos(h 1 steam coils werc^ usi<l 
for concentrating' the li<|Uors. In the third period, from IHHO to 
ilKH), a v(fry ^'reat improvement was introduced by Mr. d. T. 
llumherstone, consistin'.' of the counter-current system which was 
adopted from the alkali works in Knf^land, known locally as the 
“ Shanks system ”. In this syst<*m the untreated material is sid)- 
jected to the action of a fairly c^n(;entran*d solution obtained from 
a previous 0 ])(;ration, while the almost exhausted mati-rial is trtMiJted 
with fresh winter.* Tlu,‘se operations are carried out in a series of 
tanks, fresh water being pumped into the. last of th(i series and 
then passing from cyie tank to another in \^uch it comes into 
contact witfc less and h'ss exhausted caliche until finally the 
strongest liquor is hiought into contact with untreated maU^rial, 
froig whence it passes to the crystallizing tanlis. The tafllfti are 
heated by closed- steam coils so that as tin; liquor becomes more 
concentrated its temperature is also inew^ased. The tanks anj 
32 X 9 X 8 ft, and are ])rovided with false liottoms 9 to 12 in. 
from the true Ixittom. They are provided wdth three doors for 
discharging the refuse {ripio). The calichf; is crushed with a 
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Blake’s crusher to pieces varying in size from } in. foP hard 
material to S in. for the softest. The charge for each tank is 
60 to 70 tons, and th(;r?;»‘ire four or five tanks. The strong liquor 
(caldo) is run into settlinj:' tanks where the suspended matter 
separat(;s either by settlement aloiu; or after addition of flour or 
dung, etc., and tlie clear liquid is then run off into the crystallizing 
vats. 

An average oflicina’s working is given as follows : - 



Unit. 


Weight raw material .... 

. 1000 tons 


Nitrate (jotitent 17 per cent 

. 170 „ 


,, produced (OO per cent yield) . 

,, in refuse .... 

So tons 

oO iwr cent. 

Kipio at d-l per (;ent .... 

. U „ 

20 

BorrC ...... 

17 „ 

10 „ 

Unaccounted Iohsch .... 

. :14 „ 

‘dO 


170 „ 

100 „ 

(■bilian nitrate, of soda, r(‘adv 

for shipment, has the 

followi?ig 

xJomposition : 


TA'ULK LXV. -ANAI.YSKS OF 

CIllMAN NITHATK OF 

SODA. 


/’cr (V)i/. J 

'<*r cent. 

Nitrate of soda .... 

04-0 1 

10-4S N. 

<!onnnoii wait .... 

1 -02 


I'otaKHium eldoride 

0-04 


Sodium Kulpliate .... 

0-02 


,, i(ulide . . . ., 

► . . 0-20 


■Ma^minium chloride 

o-'.id 


Water 

i-;io 


Doric acid 

1 rH.ce 



Letter e(|ui)q)ed factories supply nitrate of tin* following avenige 
composition 

TAbbK. LXVl.— .\NAliVSl.S ()!'' liKTTK.K (,)rAMT\VMTKATK OF SODA. 

><\tralo ol soda . 

('oumioii . 

• S\ib)l\ate of soda 
1t\koUiI)U' . 
j Water • • 

10000 

uommon salt and soluble snl})hates may be eliminated by washing 
with cold water an<l by centrifuging. The content in nitrate is 
evidently not always coiistant ; it generally varies between 90 and 


i ’r (rnt. 
00-00 
1 00 
.O-oO 
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100 per cent, which corresponds to a strength in anlivA'ous nitric 
acid of 56 to 62'3 or of 14 8 to 16’4 per cent of 'nitrogen. In 
Great Britain the fraction which goes to<iAake up 100 per cent is 
regarded as refraction, so that a nitrate* of o'’ of refi action means a 
nitrate of 95 per cent strength. This remark is important, as it 
^ierves to explain market reports. On ditTerent occasions chlorate 
and perchlorate of potash have been found in nitrates. Now these 
substances are liable to spontaneous combustion, besid»‘s tlu'v are 
injurious to vegetation. The presenct* of p(‘rchlorate is attriliut(‘d 
to the negligence of the workmen who have omitted to cool the 
solution of caliche in the pan and have set it aside* to crystallizi* in 
the hot state. This perchlorate may b(* I'xtracted from th(**iubslance 
bv the method which was the subject of German patent Nft. 125,206. 
But since the disastrous elTectof perchlorate on vegt‘tation liaHibi'en 
recognized and the nitrates which contain it refused, manufacturers 
have b(‘en more careful, and perchlorate is now only ran‘ly met 
with in nitrate. 

One hundred parts of wati'r dissolvt* of nitrate (d soda at 
O'’ 10’ 20’ 30' 4(b 100 121' boiling-point of the soluti(#i. 

71 78 88 98 109 178 224-8 i arts. 

'rhe s])ecilic gravity of nitrate of soda is 2-241. • 

Xitrate <>f Pold^ih. \ compound of nitric acid with ])otash bas 
no interest but for industry ; it is too d(‘ar to la* us(*d in agric.ultun*, 
for up to now it has b(a*n ])ro<luc«‘d by l(*aching the soil ai-(^ufid 
villages in India, etc., or is nenh* from (’hili salt])(*tre and potassium 
chloride. Tln^ potjissiurn nilrat(* ex))Oit(*d from India is obiaiiunl 
largely by leaching the earth around old village sites. exports 

in 1912 amounted to 12.806, valued at 420o,600, in 191d, 15,2Ji<l, 
value £237,581, and in 191*1, 14.157 tons, valm* .1:232.916. l)e))osits 
are also foimd in caves in India, .\fter lelining tln^ ]>r()duct bas 
a purity of 94 ])er cent.' 

Chili salt])eti'e also contains a small <juantity ol pota,ssium 
nitrate, and de[)Osits of this salt have been (liscovered at lacunga 
in B(*i-u and at Cochabamba jn Bolivia.- It lorms in itsell an 
excellent manure, seeing* that it (xmtains not oidy nitrogen^, but 
also potash ^n if ver^ ))iin* fo)-m. Lately, how(*ver, irnpoitant (h;- 
posits of nitrate of ])Otash have ’wen dis<;overed in South Ahica, 
especially in the nfMghbourhoo<l ot Mabelsta4t, an»l ol I’eliska in 
Cape Colo»y ; these d(*posits do not, however, ap])ear to havi! 
been (*xploited. 

.Before terminating this sul)ject, numtiofi* may be nnf<If‘ of a 
nitrogenous miuiure ])ut on tin* market in 1874, which has given 

• 

' 1). Hck^Ikt. “ AcricultiirHl Ledger,” IflO-j, p. 17. 

‘■*'1. S. Norton, I’.S, l)< pt. of Oanincvm* nnd Iifibour, Spf'oinl Ai.M-nls Sern-s, 
so. 02. 
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good resuKs., Tt is a double nitrate of potash and soda, containing 
in 100 parts,* according to Maercker: — 

TAHI.E LXVII.~ANALYSE» OF A DOUIJLE NITIIATE OF I^TASH 
AND SODA. ' 



1. ; 

ir. 

111. 

1 

l*iT 

l’» r cent. 

IVr cent. 

Nitrnto of j)otasli .... 


41-7H 

ll-ol 

,, of Hodii ..... 

iVl'l'l ■ 

00-27 

82-04 

Conuiioo Kiilt ..... 

“>m;7 

()-o7 

:}-4:4 

Water 

o-4(; i 

14)7 

2-02 

Therefdro — 




l’OtR,.Hll 

15‘.>0 

10-44 

,o-8o 

NitroKon ...... 

I4im 

14-SO 

lo'2o ^ 

Slorintj (mi Ududluuj of Nitrate. 

-Nitrate of soda i; 

•i marketed 


ir the original sacks (catch-weight) weighing 120 to 140 kg. (2(34 tO' 
1308 Ih.). It forms a mixture of crystals of dilTerent sizes. Tt also 
ahsorh^i moisture frcfm the air and when it is preserved in sacks 
they rot after some time, and U*ar with the slightest strain. W’hen 
the sacks are emptied, one part of the material, always moist, re- 
mains adherent to the fabric, from which thert* r(‘siilts not only a 
los.^^ of material, hut also a loss of sacks, since these gunny hags 
then become unutilizahle and are liable to catch lire. 

Nitrat(? of soda is often coloured yellow by the presence of chi’O- 
m;ite of phtash or violet by th(5 presence of nitrate of manganese, 
Tme presence of magnesium chloride rentiers it deli(|uescent : hence 
arises loss hy the di’ainage away of liquid containing dissolvc'd 
nitrate ; that is why tht! hags are lodged on beds of plaster or clay 
which absorb the liquid. But it is l)est to spread the nitrat«' in- 
tended for mixing in not too warm a place. The hags are washetl 
with tepid watei'^ and the solution is added during the manufacture 
of Huperphospliate which has to ho ’mixed with nitrat(‘, or it is con- 
centrated in a pan. Certain manufacturers content themselvea 
with heating the hags free from^the adherent salt. If^the nitrate is 
to bo employed aloij^e it is screened and the lumps crushed in a 
CKirr’s disintegrator, or in the toothed roll crukher. Ilf. is dried in. 
the old phosphate drier. However, if it he stored for a certain time 
in a {^hvJe that is not b^‘ated, it gnidually becomes moist. In qon- 
sequenco of the risk of tire, the building in which nitrate is stored 
should he isolated and hpilt entirely of iron. 

Production of Nitrate in 11107. — The exports authorized hy the 
syndicate of nitrate of soda inanufacturers of Chili, rose to 2,050,000 
tons foi* the year 1 Aprik 1907, to 31 March, 1908. Of these quantities. 
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1,750,900 tons had to be delivered l)efore the end of the 1007. 
and the remainder, say 300,000 tons, in the months 'of January! 
February, and March. 1908. Now these (^x^orts made from April 
to Decenlber, 1907, only amounted to 1.225.0(X) tons. The cause of 
this slArt delivery is due in the first instance to the lal)Our crisis. The 
Chilian labourer, more tit than any other to work under the torrid 
sun of the Pampas, is as improvident as lie can be. He only works 
when he must do so to live, and as wajjjes are verv hi^h in nitrate 
factories he only works a few days, and then rests the reniaindtjf of 
the week ; under such conditions the factories work very irre^mlarly. 
The rise in the price of nitrate, which had been discounted by the 
syndicate of manufacturers, will always be limited by coyipetition 
with sulphate of ammonia. The latter, in fact, after experiments 
made by Kraus at M'eihensteplian, should produce tlu* same t^Vect 
^is nitrate, with the ditterence that it acts more slowly. 

Production and Exports of Sodium Xit rale. —The total jirotluc- 
tion of sodium nitrate in ('hili was; 

11)11. 11)12. 

Short. toiiM 2,7H|,:h‘>l 2,HH‘),1I;V.) * 

\V. Mont^'emery ('o. in their annual reports «fivc the following 
statistics ; — 


iDos. is()<h nne. 11*11. 11*12. ; jyi.i. «ii*ii. 


2,017,000 2,100,900 2,:i0().000 2,412,000 2,47H,0U0|2,0n0, 000 2,im0,000 

lOO.OlH) 111,000 120,000 1:12,000 1:10,000 124,000 122,000 
l,27-’».000 l,;h)4,000 l.o.ll.OOO 1, r)04, 000 1,77H, 000: 1,700 ,000 i,hoh,ooo 
:501),000 407.000 .701,000' .770,000 4h1,(M)o' OOH.OUO 778,000 
47,000 00,000: HO, 000 108,000 117,000 HH,000 00,000 

1 ,7:12,000 1,0:)H,000 2,24 1 ,000 2,:i77,(j00 2, 704, (M)0I2,. 720,000 2,088,000 

Amviouiac^l Salts . — Ammonia is a compound of tiitrogen and 
hydiogen, having the formula NHg.tand forms one. of the decom- 
position products of pitrogenized organic mattfr. It is a gaseous 
Ixxly, having a characteristic pungent odour. It is very soluble fii 
water, being the solution generally known as ammonia. It has an 
alkaline reaction, and turns red litmus paper blue. Un?lffr the 
influence of the oxygen of the air, with favourable conditions, 
ammonia is partially converted into nitric acid. It forms salts with 
acids, combining with them in the farm of a metallic radical NH^ 
which is ammonium. Thus sulphate of ammonia is formed accord- 
inj^to the equation : — 


Jhipnienls to all 
parts for year (mkI- 
iiiR DeciMiihor )U . 
!Jonsiniiptioii in - 
Unitcfl Kin;-(loni . 
Continent . 
U.S.A. 

Other countries . 
In the world 
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H,SO, + 2NH3 = (NHj.SO, 
and arnmoiiiuni chlorid(i according to the equation : — 

HCl i- NH,, - NH/:i 

All ammoniacal salts give olf amnicjnia when they are placed in 
contact with alkalis or caustic lime. Ammoniacal compounds are 
very widfjly distributed in nature, hut always in small quantities. 
Their presence has l)een determined in the air and in lain water, 
also in the juice of almost all plants. Ammonium chloride is found 
in salt springs, in volcanic emanations; carbonate of ammonia in 
large <juantiti(!S in the guano de]josits of IVru, l^olivia, and Chili, 
and tliet westfsn part of Patagonia. The jirincipal sources of 
amrnonia'for industry and for agriculture are c(‘rtain substances of 
anirital oiigin (hone, imsat, blood) or vcigetahle (coal, peat), which, 
submitted to dry distillation, give off the gi*eater jiart of their nitrogen* 
as ammoniacal conqjounds. 

Ammonia is, likewise, obtained by the distillation of fiecaf 
matters in [iresence of caustic lime and l)y the treatment of gas 
(Vash) liquor. Left to stand, urine putrefies; the urea is trans- 
formed into ammc^nia, which, treated by caustic lime, yields 
arnmoifia and carbonate of lime. Ammonia is also found in the 
smoke of factory chimneys and in coal soot ; the latter may even 
sometimes be utiliz(!d as a manure, as the following analysis by 
Hu[ton of Glasgow of coal soot shows 

Pt'r cent. 

I’otash 

PlroHphak' of liuio ....... ;n2() 

Ammonia m-hO 

Kqnal to nitroKon . . . , . . . 2'.'i0 

Eormerly, ammoniacal salts were made solely from matters of 
animal origin. They were charged into retorts which were heated 
to incandescence, the vapours given off being condensed. The car- 
l>onate of ammonia thus obtained was collected and purified or 
combined with acids to form ditTeVent salts. The process is still 
apjyiied in the manufacture of small (juantities of sal-ammoniac, but 
solely as a by-product in the iqanufacture of animal charcoal. The 
calcination of tlie iK^nes is done after two different methods. The 
c«ie, the older, consists in charging the raw hnaterial*into vessels 
placed in a furnace in stages so that one serves as a lid to the other 
undeviv^ath. The vapours given off during combustion, the derails, 
of which need not be dwelt upon, escape outwards by the chimney. 
The other method consists in calcining the bones in a cast-iron re- 
tort analogous to that used in.distilling coal. The gases which are 
given off are collected and condensed. The proilucts of the con- 
densation contain an>ong other useful substances ammonia, wl^ich 
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can 1^ extracted l)v distillation and co!>v«‘rted into sylphate. of 
ammonia. But, as alreaily ohservtHl. l>om‘-hlac'k is no Ign^tM* used in 
sugar factories. With the disa})])earance of hone-hlack. the hy- 
product^i especially ammonia, ceast‘d 1,0 In* produceil. The most 
impoi*taiit source of ammonia is at ]»resent coal, the ])e!c('ntagi of 
nitrotj;^! in which varies front d'O to Mi per cent. The extraction 
of ammonia will therefore he studied in the following order : (1) In 
the manufacture of gis : (‘2) in tin* manufacture of coke ; (3) in 
the blast furnaces, and (4) in the gis producers (Mond‘s proct'ss, 
Bourg'ois and Ijencauchez’ process). ^ 

Mtuiufiictun' of Sulphate of Amnitaii(i A// I>istillalu>n of (las 
Lupior. — When coal is distilled, the nitro^'cn which it contains 
passes ])artly into the tar as complex ])iodncts (atiiliift* and its 
analo^mes) and partially in the form of ammonia in the illuminating 
gis. The ammonia is eliminated from tin* latter hy washin^^with 
water. According' to Uoscoe, only 1 4 -o per cent of its nitrog*n is 
obtained from coal us Nlh^. 352() ])«*r c(‘nt is lost as tret* N, 
whilst the coke n'tains 4S to hS })er cent. This lt)w yit'ld of 
ammonia is due* to tin* facility with which this gis is <l(‘Composyd 
(at a tem])erature of oOth Kamsay and Younf^). This loss may 
he avoided hy ]U’ev('ntin^^ tin* gis in tin* r(*tor> from comin^^ in con- 
tact with the heated sides. Accordinj^ to Ih'ilhy, this (h'sired result 
is ohtaitu'd hy dislilliiif' coal with st(*am. Hy tins method as much 
as 50 to 5() k^r., i.e. 110 to 123-2 Ih. of sulphate of ammonia 
ton of coal may he obtained. ( las ii(|Uor consists in reality of a ^-(‘ak 
solution of ammonia, carbonate of ammonia, sulphide ol ammonia, 
cyanide of ammonia, and snljihate ol ammonia. Its nitrof^en con- 
tent varies considerably, as the followiii}^ analyses by •Arnold, iti 
1889, show : - • * 

T.\HLE LXVUI. -ANAliYSKS OK 0.\S MQt:0U KHOM COAI.S OK 
DIKKKUKNT OHIOIN. 


One lilH' of liquor oontain-' 

• 

(Jas liiijuor Inuii the 

('oal <»f 


the followiii)? in 






gramiiies, or yj) Ktflloiis c.oit- 





la Saare. 

tiiius in Ih. 

Zwickau. 

Zwickau 

Li IMiur. 

.a S.-utn-, 

• 

• 

Total HiiiinoiiiH 

12 (Hi 

qio 

1S12 

irr2:{ 

• 

3-47 

Hyposulphite of amtnonin 

1 •():»■> 

1 rris 

.•)0;}2 

2*072 

0*200 

Stilphide of ammonia 


1 or>4b 

r»«2?2 

2*4<1h 

• •! *420 

I Bicarbonate of ammonia . 

1 orH) 

1*470 

2*4.')0 \ 

■VAuCi’d 

A-H.'jO 

Carbonate of ammonia 

i-rm 

; 7*bK0 

:t:ji20 1 


i Sulphau- of ammonia 

(IKKi 

0-HoK 

' 1 -ICiO \ 

4*022 

1*020 

Ammonium chloride 

:u)-4Uo 

I* 120 

:j*71.'» I 


! 
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According to the Hame author, the ammoniacal liquor fj*ora a 
British ga!i \vorks contained in grammes per litre (lb. per 100 
gallons) : — 

s 

TAliLK LXIX.— ANAIfYSIS OF BRITISH GAS LIQF'OIif 
* lb. ]tcr 100 fjnlluns. 


Ammonia ...... 20'4-) 

Sulphur total ..... ii*02 

Ammonium nulpirule .... H-OS 

,, (iarbomitt* .... HO-R) 

,, (ihlorido .... 11 -‘iS 

,, Kulpliocyanido . . . I'HO 

,, Hulpliatc . . . 0-10 

, ,, thioHulphato . . . *2-S0 

, ,, forrocyanidc . . . 0‘11 


It wift l)e seen from these analyses that carbonate of ammonia pre- 
ponderates ; the perc(aitag(‘ of ammonium chloride is likewise high. 

Productian of Aimnonia in the Manufacture of Poke . — Although 
in the very beginning of illumination by coal gas steps were taken 
to^ collect the ammonia produced in the purifying of the gas for 
consumption, this was not so in the manufacture of cok(i, where this 
product was for a long time totally neglected. The coke industry, 
as it is iiow conducted, yields products identical with those from gas. 
Th(; first attempts at recovery of the ammonia wen^ made by Stauf in 
17|)4 in a Saarbruck foundry. But it was not until 1H5S that Charles 
Kriah constructed at St. Denis the first ))lant that gave goo<l re- 
sults, intro<luced by (-arves at ('omment\-y in I7()2. It was erected 
in 1H()() at the Besseges Forge, then in IH75) at Terre Noire. In 
1882, Simftn of Mauclu'sUn- imjiroved the C’arves coke oven by 
recfuperating the heat to prelunit the air tfo 50(F ( .’. or (>()0“ The 
shape of these ovens was comjdetely altered. Knab’s ovens, wide 
and flat, heated under the sole only, and carbonizing at a low tem- 
perature, have been completely abandoned to give place to Carves, 
bimon-Carves, Otto and Hemet-Solvay ovens, high, naiiow, long, 
carbonizing ra])idly and at a high temptuature. The furnaces 
actually in use may be divided into two class(?s 

Iji Those which are oi\ly a modification of tlu; ordinary coke 
oven, where the heating is otTected by the admission of' air into the 
interior, thus burning a part of the carbon as fuel (.lameson, Aitken, 
Ln^rmann types). * 

2. Those in which air is not admitted into the interior, the heat 
being applied to the exterior by the combustion of the gjis which 
escapes during distillation, and after separation of tar and ammonia. 
Almost all modern coke ovens belong to this class (HofVmann Otto, 
Simon-Can’c''s, Bauer, Hussener^ Semct-Solvay, etc., t^pes). Here, 
in a few words, is the general principle followed in coke ovens of 
the present day. All aye built, apart from numerous details, in such 
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a rtianiier as to hixve a hei metically sealed chaml>er, froti^ which the 
gas distilled from the coal is aspirated mechanically without admis- 
sion of air. The gas afterwards passes through coiidensei-s, cooUmI 
on the outside by air or water, where tj\e5' dejiosit the greater part 
of th# ammonia and the tar ; the small remaining portions being 
deposited in the scrubbers (coke columns). The residual gas is then 
led to the tuyerea which heat the retorts, and inflamed by means of 
a current of hot air issuing from the recuperators. After having 
accomplished this heating, the hot gases ])ass into the heat r(‘- 
cuperators. ('ertain (jerinan coals yit'ld ll'T) kg. (2b‘.‘l lb. of^sul- 
phate of ammonia. By the Semet-Solvay ovens, as mueh as 7 to 
17 kg. (15 to 37‘4 11).) of sulphate of ammonia ]*er ton of coal 
distilled are obtained. * 

Tlie working of these ovens is regulattal by various conditions. 
The coal introduced into the oven ought, to giv(^ a goal coke.^o be 
'instantaneously submitted to a very high Uunperature, and tla^ 
•calcination must be conduct(‘d rapidly and continuously. That is 
Avhy the h(*at is transmitted through as thin walls as possible, as 
in the Semet-Solvay oven. In tin; Hoffmann Otto ovtm the gj^s 
given off bv distillation esca})es through two orifices in tlu^ arch of 
the oven and passes into gas reservoii s placeck above* and aci oss tlu) 
ovens ; then it is lifted l)y aspirators, and drawn through pi])es to 
<jondensers and washers, in which the tar and ammonia an* d(‘posiLed. 
Freed from these two substances the gas is brought back through 
:another pipe, und(‘r tin* soleof tlu* ovens. The inflamed gas ioMows 
alternatively vei’ticiil fiut*s, ascending one half of the flues and 
descending the others. In the. Semet-Solvay sysUiin thii flues in 
which the gas burns, and which g(*nerally are fitted int(t the main 
Hue, ait! here inde])endent,*and consist of retorts with th(*ir ttneafied 
.•^Ides, the one in the other, forming a complete and tight circuit.' 

The (/arves, the Tamaris, tlit! Terre Noire, and Bessege ovens, 
])roducing together about 300 tons of coke ])t‘r day, yield 0 tons of 
tar and 2 to 2'5 tons of sulphate of ammonia. 

The advantages of recujieration bt*come mort* and more (*vid(‘nt, 
iind in spite of the expenjjc which the installation of such ])lant 
involves, many njine jnoprietors have,* not hesitated to build ot'cns 
of this type. • 

The working of a battery of fdiir coke ova*ns entails a sup])le- 
mentary st^ff to wc^k the gas-extractor, and To kee|> in order lyid 
•clean the recuperation apjiliances. The cost of the S(!met-Solvay 
furnace, refractory masonry with lining, ovi.'u^ discharger, diijcijiarger 

‘The Hoffmann Otto is 10 metres (40 feet) Iouk, 0-1 to O'O nytro (10 
to 24 inchcH) wide, by 1'70 motrcH (o ft, S inchcsf hiKh. Ific Senn t-S<ilvHy in 
1) metres (80 feet) in length, by 1*70 (o feet S inehen) hi^di, and of a 

width, varying? according to the (mality of the coals to be treated, of ((■.•lO to 0*42 
metre (14 to 17 Caches). The. air is heated to 200' V* *^1 (‘dOg' to o72^ 1*.). 
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flue, watei^ piping, is 4:240. The extractor, pump, apd re- 
cuperation appliances cost fel40. Each oven produces 5 tons of 
coke ; the operation lastinj^ al)Out twenty-four hours. The Hott- 
mann Otto takes a charge? oj^ 5 to (> tons. The use of the^e ovens 
has extended very rapidly in France ; there being at present several 
hundreds of them. The Hoffmann Otto are almost exclusively used 
in Cerrnany and Austria. The Sernet-Holvay are used in Helgium, 
France, Or(*at Britain, Oeiinany and the United States. 

Diract AtunLoniu Ueawerif f^rocPSH.- In connection with coke 
ov(5t^ the ammonia is now extracted by what is known as the direct 
recovery process. In this ])rocess the gases are passed direct into 
Hulphiii'ic acid in the saturate!’ without pieliminary treatment. This 
method, although working (piit(; satisfactorily with coke oven gases 
has not llf^en so successful when ap])lied to gas woiks. Two 
methods of working have been devised known as the Otto and the 
Kopper’s systems. In the Otto syst(nn th(; gas, which has a tern-* 
perature of aljout UiO' (’., is subjected to the action of a licpior jet 
injectoi’ and a Felou/e extractoi’ for removal of the tar and is then 
pjjjssed directly to the saturate!’. It is necessary, however, to im- 
part additional heat to pnw'ei!t dilution of the liquor in the 
saturate!’, otherwise t^ie sulphate of ammonia does not crystallize 
In the l\op])er's syst(‘m the hir is condensed by cooling and the 
condensed li(iuor which also s(;parates is distilled with lime in a 
cojumn still, the anm!Ot!ia evolved being returned to the crude gas. 
The*cooled gas is passed through tla; tar extractor and then through 
a heat interchange!’ in which it is heated by the hot crude gas to a 
temperature much above its dew point, e.g. 05" to 70” C., it is then 
passed intrt the saturater. The sul|)hate of ammonia produced by the 
Kdpper’s syshun is of a Indter colour than that obtained in the Otto 
method, i)e8ide8 which naphthalene stoppages are entirely obviated.^ 

Jiecoveri/ of Ammonia from BlaU Furnaces. — The recovery of 
the ammoi!ia contaim'd in tlu' gas froii! blast furnaces is relatively 
moderr!. The coal used is a non-caking coal, which prevents pre- 
vious conversion into cok(‘. The gases escaping from the furnace 
mouth pass through a series of pipes into apparatus similar to those- 
used* in gas manufacture, followed by a series of, scrubbers, litted 
with perforated plates, leaving the gas to pass alternartvely on each 
side, whilst a thin stream of \Vater, constantly flowing, dissolves 
th|'. ammonia. The liquid is repumped and ser.t back t^ the scrub- 
bers, until sutliciently saturated. The yields are on an average 0’9 
to 1‘30^ yer cent of Uie weight of the coal, which corresponds very 
neai’ly with the amount of ammonia obtained from the Carves 
coke ovens. 

^ A. I inth, “ J. Gnshvleuct,” lUll, 10;K). See rIbo Reports of the Chief 
Inspector of Alkali Works, IlUo, anil iyi7. 



NITROGENOUS MANURES 


235 


Eetovenj of Ammm'ui formed in Gas Producers .— by 
the gas obtained in the semi-distillation of coal is, one of tht' 
most economical processes now known. Jt- obviates various draw- 
backs incidental to the use of a great uumber of lires, and (mnbles 
very l^gh temperatures to be obtained. In this distillation, as in 
all "similar treatment of coal. ‘there is given olT at the same time as 
the combustible gases an a{)])reciable amount of ammonia. To give 
good results the production of the gas is etlected by an altiu nation 
of two following operations; — 

1. The vapour of superheated st«*am is dirt'cted on to coal, heated 

to incandescence, which lowers the tem})eratnre, owing to the heat 
absorbed by the decomposition of the water. ^ 

2. The. combustion is stimulated by a cnriamt of air to bring the 
temperatur(‘ to its initial ]K)int. 

The gas ])roduced in tliis second ])has(* vtay much n^semhli's gas 
from a gas gtaierator, called Siemens’ gas. The mixture ot !iir and 
steam is suitably adjusted. Amongst the gas generating ])lant 
constructed on this princi])h‘ mention may be ntad(‘ of Sieimms’, 
Schilling’s, Powson’s, Wilson’.s and Mond’s. • 

1. Moud's Process. -Mond was the first to inaugurate in 
England this new process of extracting amim^nia from tin' products 
of combustion of coal itscdf. (’oal is burnt in tin* gas generator in 
a mixture of air and sh'am. in such ])roportions that two tons of 
steam are used per ton of coal distilled. The h'mperature ol Uie 
combustion is lowered to al>out 500 (032 b .). Ibis (*xci*ss of 

steam favours the jiroduction of ammonia ; oidy one-thiril ot tin? 
steam which passes through the generator is decomposed. The^gas 
i)roducers are rectangular in form and arrang(‘d in sefies. Th(‘y 
are PH2 metres in depth find 3-05 metres long. Tin* ash ])its are 
titted with a hydratilic joint capable of resisting 0*10 metre^ water 
pressure. Tin; air arrives above' the level of tln^ asli jiit. The gas 
escapes from the centre at th(‘ top of tin* gas jiroducer. 

The gas which escapes from tin; gas producer traverses a washer 
with blades, Standard type, in which the aminoniacal wills art^ 
dissolved. Then at a terniierafure of 100 C. it passes into the lirst 
scrubber, which, is drenched with a 38 ]K'r cent solution of sullMiate 
of ammonia*to which a known arr^ount of sul]»huric acid has been 


aauea. ii i-j t 

The gi« contaiirs at its entrance into Ihi! scrubber 013 per wnl 

of ammonia bv volume, it now only contains 0-013 when it issues 
at. a temperature of 80^ U. U then enti;rff the condey^^'r con- 
taining wooden baffles iiie.rced with holes, where it 
current of water which is heated to 78' t(j 80 U. (172*4 to 17 > '■) 
in condensing the steam. The ga** purified and cooled, jiasses to 
the burners. The hot w^ater obtained passes to a third scrubbei, 
i^to which a current of cold air is passed, ^vhich it saturates NMth 
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moisture, ^nd which brings the temperature to 76’ (168’4i’ F.). 
That air is then forced into the gas producer. The yield obtained has 
equalled 32 kg. (70'4 lh?)^of sulphate of ammonia per ton of coal, 
which is an exceptionally good performance. # 

Attempts have been made to produce ammonium clfloride 
direct by introducing hydrochloric acid gas into the furnace or by 
mixing the fuel with clay impregnated by calcium chloride. The 
results wer(5, however, not satisfactory. 

Hennin pioposes to operate like Mond, but by using high- 
pref^ure steam slightly superheated and suitably ditfused in the 
mass of the fuel, in the proportion of 0*75 to 1 ton of coal. 

2. nourijeois and IjeiuiQ-achez Procesa . — Bourgeois and Len- 
cauche^i liave ])at(inted a process the object of which is to collect 
the tar and ammoniji in the gas distilled from coal, this operation 
not diminishing the calorific intensity of the gas. The plant which 
they propose to use, therefore?, appeals to all those engaged in 
industries in which heat is required, glass works, metallurgical 
industri(‘s, etc., where, instead of burning coal under ovens, it is 
cqnvert(?d into gas in any kind of gas producer. It consists of 
three main columns. The first, for cooling and washing the gases, 
is inten(Jed to retain tar and oils, which are collected in a lowei- 
cistern. In the; second, the gas charged with amnjonia meets a 
shower of acidulated water. The third is intended to extract the last 
traces of ammonia and to conv(?y them into the first, and so on. 
Froih the preceding it will be seciii that those industries which 
formerly did not utilize? in any way the nitrogen contained in their 
fuel, are going to become one of the most important sources of 
ammonia. * 

^'Mannfac.tarinif Plant . — In the various ammonia-producing 
industries w'hich have just occupied our attention, the extraction 
plant consists, more ijarticularly, of condensers and distilling 
columns. 

Conden.'iers . — The condetisers are gtmerally refrigerators, the 
extractor, the washing condenser of some kind of system, and the 
scrubbers, or coke columns. Refrigt^rators are used in the manufac- 
ture 'ei gas. The issuing gas is aspimted by the extractor, w hich is 
in essence a suction and pressure pump. There exist a numlxir 
of washing condensers. The following are mentioned ; The 
Sttvidard washer, the Chevalet washer, the litmge Ph\^e washer, 
the Polouze and Audoin washer. The Standard w asher consists of 
a series^ qf cast-iron c€»iypartments, variable in number and dime^i- 
sions according to the capacity of the plant. Each compartment 
contains a certain number of wrought-iron discs bolted together 
and looked on the shaft. Thesu discs of thin sheet-iron, 2 to 3 mm. 
^ 1^2 to J inch) thus present an enormous absorption surface. The 
latter traverses the wiwher in an opjjosite direction to the ga^; 
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the discSfhaU dip into the water. An improvement ha« been 
made by replacing the sheets of iron by pieces of wood, cut in the 
form of a prism and ar^inged in quincunxes. This apparatus is 
almost exclusively used in Great Britain. The washe/s restore 
to the scrublxirs their true role, which is to arrest the last 'traces 




Fio. — Stnndtird WaslnT furnisIxMl with its diffenmt Discs. — The upi)er fij^iire 

shows tlie outside appeartiuee of the face of the washer ; in the lower tignre 
the waslier is seen from above; the i^asinp; having been partly removed to 
show' the interior arraiim'inent. The ilises of Fin. HH are shown mounted 
^ide by side on the sanu* shaft ; their lower part dips in the water when the 
shaft revolves: the moisteiu'd discs come in eontact with* the which 
passes to the up^MT |)art. A pe(\iliar system of partitions forces the nas to 
enter into intimate Kt)ntact with the ro<ls of the disc's and ensures complete 
'' solution. 

of anjivonia. The' ^nicking of the scrubbers is composed*, of 
various materials ; sometimes washed coke is used, sometimes 
wood shavings, fnigmenks of pumice stones, or of perforated bricks. 
The packing should ))e done carefully, for on it greatly depends 
the amount of water to be introduced. A driblet of water, com- 
pletely spread over wirll-armnged materials, will give as good y.n 
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.absor|ition as enormous (jiiantitios ot water pouring ^ver loose 
materials. The water escaping from the scrubbers should be 
carefully controlled. The density of the^mmoniacal water ought 
to be talien, and it must be ensured th}\t the escaping gas contains 
no trfc of ammonia. 

Chevalet constructed a scrubber of wrought-iron or of east-iron, 
containing cast-iron vessels S iuclu*s apart and pierced with a 
great number of holes, carrying a chimney a little less in height 
than the edge of the vessel. Each vessel is fixed in a ring witjjout 
bottom of the distilling column. Between t*ach vessel wooden 
shavings or coke is packed. 

DintHUmf Pliiut.—Thv. metlu^ds list'd in the manufacture i^f 
sulphate of ammonia consist essi'ntially in disengaging ammonia 
from its salts, submitting it to distillation, conducting the anmio^iiacal 
vapours into a receiver containing sulphuric acid, and if necessary 
evaporating the solution ohtaineil, so as to I'Xtract from it the 
sulphate of ammonia hy crystallization. Tlu' ainmoniacal salts are 
<iecom])Osed hy lime, which is added to the gas liipior Iwlore 
•distillation. In tlu* oldi'r distilling ])la.nt lu'ati'd hy opi>n fires tiu* 
use of lime reijuired jirecantions. hei^ansi* it was liable to adheri* 
to the bottom of the boilers ; in mrxlern phint heated I 4 V sti'am 
this drawback has disap}>eared. Sometimes two metluxls are com- 
bined, that is to say, the gas liipior is first distilled alone and then it 
is redistilled after adding littu*. The latter is used either as (|ui«k- 
lime or as milk of lime, and in cpiantity varying with the cofitent 
•of the ainmoniacal li(|iior. But the amount used never exceeds ;j 
])er cent of the material. The distillate consists mostly of a mixture, 
•of wat(*r and free ammonia ; organic, bases the mosf volatile 
are also jiresent along with tarr\ matter. As amongst all these 
bodies ammonia is the most volatile, the ju inciph* of hot or jiailial 
-condensation has been a))])lied toils distillation, a method whj^th 
is especially important in the distillation of alcoholiit li<juids. In 
the older jjlant the distillate traversed one or mon* vessels containing 
preheated ainmoniacal liijiior. By this arrangement the ammonia 
was se])arati!d from tluu less *volatih' jiroducts which condensed 
in the liijuid ; .on the other hand, the ainmoniacal li<jUoi^ was 
brought t(.> a high ternjierature l^efore being disfilled. Ilowevei-, 
this method cannot he ado]>ted except by 'forking continuously. 
The ])lant^nsed in* distilling ammonia may lu* divided into 4wo 
ailasses, viz. ( 1 ) ojmi. fire stills and (2) strum stills. Although less 
economical and of much smaller out)»ut, opi«i fire, stills hif-ve still 
numerous advocates, because their installation is generally less 
costly and their management very simple., fmv stills of both ty])<*s 
will now he described. # 

Open Fire Stills — The Kuijlish Still. .\u old fashioned still 
which is to be found in use in certain hhiLdish factories where it 



240 


CHEMICAL MANUBES 


gives excellent results is that shown in Fig. 40. It consi^s of a. 
small boiler A, which is fed with gas liquor from a reservoir. If 
the liquor be heated to ^boiling, the free ammonia, the carbonate, 
the sulphide, and the cyanide of ammonia, all very voktile pro- 
ducts, are given off with the steam, rise in the pipe a, paJ?s into 
pipe (I, whence they pass by tVie pipe c into the lead-lined wooden 
vat C containing concentrated sulphuric acid. The latter absorbs 
the gas and the vapours with effervescence, which renders them 
liable to return into the chamber A. To avoid this mishap a valve 
h is fitted to the upper end of the pipe 6*, which opens inwards, only 
allowing air to enter as soon as the acid begins to rise in c, i.e. as. 
soon as t^e iiressure in the apparatus is lower than the atmospheric 
pressure. , When the operation is thought to be sufficiently far ad- 
vanc^, the test tap d is opened and the vapours coming from the 



Fio. 40. — Nake<l Fire Anintonia Still. 


boiler are tested with red litmus paper to see if they still contain 
an important proportion of ammonia. If the test shows that the 
liquor is exhausted it is run into the boiler B, placed at a slightly 
lower level alongside the boiler A. With this end in view the 
boiler A communicates on the opposite side with the lx)iler by a 
pipe D (Fig. 41), which is naturij^lly at a level high enough not to 
be reached by the lire, It sutbces to o|)en the taps e, f, i, and k. 
MdH of lime is added in the boiler B to the water fron The 
boiler A is i-echarged, and the taps i and k being closed, the con- 
tents of the two lx)ilers are brought to the boil, whilst the same 
process goes on as already described in the boiler A ; pure ammonia 
gas is formed in the boiler B as the result of the decomposition by 
the caustic lime of the chloride tAnd sulphate of ammonia still con- 
tained in the water which had been heated in A. This gas also- 
passes into the vat C ; when a test at the test-tap shows that all 
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the amifionia is volatilized, it is presumed that all ami^onia has 
been expelled from the li(piid in ft, the latter is then ryn otf. For 
that purpose the pipe D is fitted with two short pieces m and I 
closed wit^i wooden plugs. To run otT tjie liquid all that has to 
done is«to open them as well as the tap k\ Amnmnia can also bo 
distilled in a single boiler, taking care to mix the milk of lime with 
the gas liquor beforehand. As the residual li(|uid would then con- 
tain not only chloride and sulphate of lime, hut also caihonate of 
lime and various other salts, and as the mass of these insoluble 
salts would greatly hinder distillation, it is better to ust*. two hoilf*rs, 
besides the bottom and sides of the boilers would become eiicrusttHl 
with a scale which, being non-conducting, would interfere with th(! 
proper heating of the vessels. When the sulphuric aci^fl in the 
vat C is saturated with ammonia it forms a fairly concentiated 
solution of sulphate of annnonia.' In the first phast's of the o}f(‘ra- 
fion this acid is greatly diluted by the steam mixed with the vapour 
of ammonia, but as the acid becom(‘.s heat(‘d consideral)ly, the 
steam subsequently passes through without bi'ing coiuhmsed. 




Fig. 41. — Details of i’ipo coniniunieatin-' with the two StillK of Fig. 40. 

• 

The solution of sulphate of« ammonia is not, how<‘V(*r, sullicientfy 
concentrated to crystallize on cooling, but requir(‘s to )m‘ subse- 
quently eva])orated in flat becks of lead, iron, or woo<l heated by a 
closed coil. This operation must be dom^ with care, ( ndertho 
influence of heat the organic matter contained in the solution 
exercises a reducing action on the ;;ul]diate of ammonia ; ammonium 
sulphite, hyposulphite and s(dj)hifle of ammonium are formed, sub- 
stances which stroygly attack the metal of the a])paratus ; as, 
over, this redaction gives rise to a great loss of ammonia in the 
form of ammonium sulphide which i? very volable, the heat should 
be moderated as sooft as iha smell of this IaU(‘r jiroduct is pei^ 
ceived. Evolution of (NHj.S or fb.S is an infringement of tho 
alkali act. When the solution is sufficiently coMcentrateii it run 
into*ron tanks, in which the ammonium sulphate is dejiosited as it 
cools. The mother liquor which flows from the, crystals still contains 
a considerable proportion of ammonia. Sulphuric acid is adik^d to 
it and it is again used in vessel finally, it can also he ovajiorahKl 
and reciTStallized. The mother liquor from ^his second evapora- 

m 
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tion cor^ains too many impurities again to yield sulphate of 
ammonia by crystallization. However, it still contains a notable 
y^rojjortion of arnmonii^, therefore it is finally run into the boiler 
B to extract the ammonia^ by distillation after adding m;]k of lime. 

MuUel'a Still . — This still is shown in Figs. 42 (front view) and 
43 (longitudinal section of one of the batteries). It consists of two 
battei-ies of stills AA, BH, (X’, I)D, which work in ]jarallel and im- 



Pir.. \' 2 . — Mallrt’H Aniinoiiia Still (front virwV- 


part to it, as will \\ seen further on. great capacity of ])roduction. 
The stills A and B are lilted with ])erforafed doubVr bottoms in 
Avhich the ammoniacal litpior, to which milk of lime has been 
addevh’ is brought "to the boil. They are lilted with agitatojrs to 
keep the li(|Uor in motion, to pnwent any solids from adhering to 
the bottom. The ammoniacal vapours given otT from these stills 
pass into the stills C and D. hkewise filled with ammoniacal li<|uor, 
where they are washed to de]>rive them of compounds less volatile 
than ammonia. From the still D they pass into a coil 2^ m. 




’iQ. 43. — Mallet's Ammonia Still (side view] 
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(82 ft.) the spirals of which are contained in the receiver F,. 
where they are cooled by ammoniacal liquor. The condensed 
ammonia nows into the ‘vessel S, and from there into the collecting 
reservoir Y. The unconHensed vapours pass througCi a pipe, 
traversing the lid of the vessel S into an air refrigerator T.^ From 
there into the pipes U, fitted with a safety arrangement, which 
sends them into an absorption vessel placed behind R. The un- 
absorbed bad-smelling gases are absorbed by special arrangement. 
Wt have followed the progress of the ammonia driven off from the 
liquid under the influence of heat ; let us now follow the reverse 
movement, i.e. that of the ammoniacal liquor used to feed the stills. 
This arrtmoniacal liquor is contained in a reservoir on a higher level, 
whence tt passes iiito the measuring vessels G, through tap a ; from 
that apparatus it first passes into the condenser F, where the steam 
brought by the coil gives up its heat to it and warms it ; the 
ammoniacal vapours given off rise into G by the pipe l\ The 
stills A, B, C, and 1) are fed by communication pipes not shown, 
in the illustrations. As already stated, the ammoniacal vapours 
Wmed in the pans A and B pass into C and 1), then into the con- 
denser. The milk pf lime is prepared in the reservoir K, w'hence 
it passes into the still B by the pipe M. The still A is emptied 
from time to time, say every three days ; the discharged liquid is 
Jhen replaced by ai\ equal <|uantity of ammoniacal liquor coming 
from the stills B, (', and D. The condensed water in the vessel Y 
may be emptied into the vessel D through the pipe 0. For that 
purpose the three-way tap Z, which brings two of the pipes enter- 
ing 1) into communication, is fixed in the right place for the 
rt.nmoniacal vapours not to pass into *the refrigerator F, hut into 
the reservoir Y. 

The absorption vessel is lead lined and filled with the sulphuric 
acid intended to make sulphate of ammonia. The latter is put to 
drain in K, the mother liquor flows into X, and thence into the 
absorption vessel. 

The air refrigerator T is only ,u8eil* when it is desired to make 
liqjior ammonia. In the manufacture of sulphate of ammonia it 
is replaced by a cylinder 10 ft. high and 20 in. .diameter, into 
which the pipe bringing the ummoniacal vapours dips, almost to 
fjjie bottom. By fiAing the cylinder with an pverfiow pipe, matters 
are so arranged that it is always one-third full. The \^ter from the 
overflow pipe flow^ into the collecting vessel Y. The furnaces are 
shoW^I at Q. The combustion gases fii-st impinge on the still A, 
and then puss under the still B. The Mallet stills at work at the 
Vilette Gas Works produce 10 tons of sulphate of ammonia daily. 

Lniujc' a Still . — This still Is based on the same pnnciple as the 

f ireceding, but it is much more simple ; a is the still, b is the pipe 
eading the vapours to the condenser c. The refrigerator d is, fed 






by amm6niacal liquor ; it communicates with the still by the pipe 
e. The contents of the still may be run out by the pipe /, which 
is closed when the still ss at work by a valve (j. The lime which 
is deposited at the bottontof the boiler is again brouglft ipto'sus- 





^ Fio. 4/5. — De hair's Still. 

Distilling column composed of circular segments ^)f cast-iro^. B, Milk of 
lime mixer. C, Milk of lime pump. D, 1), Exchange heaters. Entrance 
of milk of lime intq column. E, Gas escapement. 


pension by the agitator h. The cock on the pipe i is opened when 
the liquid from the refrigerator d is heated to the point of giving^ 
off ammoniacal vapours; the tatter pass through i into the pipe b, 
and afterwards into the coil c, mixing with the vapoiu's coming from 
the still ;i. When the vapours have traversed the washer k they 
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11 - • ** 
pass b}»the pipe m fitted with a safety ainin^renient lead* 

lined woexi ahsorption vessel /, containing sulphuric awd to absorb 
the annnonia. The acid flows from the ^-eservoir /» through the 
syphon /iiinto the* ahsorption vessel I. Its arrival is regulati'd so 
that the lirpiid in the ahsorjition vess(*l isalwavs acid, d^he vapouis 
given oil collect under tin* hood r, wlu‘nc(‘ they are foj-ced info thf> 



40.— Aimnoiiiii Still. 


chimney oiflturned fti the furnace. Tin* sulphate of ammonia lie- 
posited at the bottom of the vess(*I / is em])tied by a Inicket hung 
to ^ chain and counterjioise /. ^ ^ 

Steam Stills. — The intermittent, naked tire, stills have been 
replaced by continuous stills fitted witji rectification columns 
similar to those used in alcohol distilleries. Such a column, the 
working of which is uniform and continuous, renders it possible 
to^work much more economically. .Amongsk the best-known stills 
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of tbiH ntiture, thoJWJ of De Lair, Feldmann, and Gruneberg*toay be 
quoted. • 

Feldmann 8 Still . — Tbe arnmoniacal liquor contained in a 
reHci-voir a flows into a»measurer b, passes through Ihe pipe c 
fitted with a valve r into a tubular preheater J, rises through d 
into the rectifier A, where it meets the ascending steam which de- 
prives it of all volatile arnmoniacal compounds. Finally it flows 
into the lower part of the column or decomposition vessel B, into 
wh^ch milk of lime contained in the vessel H is forced from time to 
time by means of the pump G and the pipe n. The arnmoniacal 
compounds which have resisted the action of steam alone are de- 
composeil in Jh where the liquid is kept in motion by a jet of steam 
injecited through the pipe p. The arnmoniacal liquor treated by the 
milk, of lime, the non-volatile compounds of which are thus entirely 
decomposed, flows out in a continuous manner through the* 
pipe e into a small column G, where the remaining ammonia is 
volatilized. The water, completely exhausted, collects in D fitted 
with a water level r/, and runs out in a continuous fashion into/. 
The steam enters the apparatus by the pipe (/, fitted with a valve 
(/ ; it passes through the column G, the pipe h and the column A, 
the pipr} i, and finallj', charged with ammonia, it enters the satura- 
tion vessel F, filled with sulphuric acid and cooled by the water of 
the reservoir E; The gases not absorbed in F, viz. steam, CO 2 , H^S, 
aVo led by the pipe k into the tubular preheater J, where they 
transfer their heat to the arnmoniacal liquor. The sulphuric acid 
contained in the vessel F is sufficiently concentrated to allow the 
sulphate of ammonia formed to precipitate completely as soon as 
saturation is complete. The disengagement of heat accompanying 
the combination of ammonia with sulpliuric acid gives rise to very 
energetic evaporation, which considerably facilitates the precipita- 
tion of the sulphate. Feldmann’s stills work very economically and 
are used to a large exUmt in Germany, A large-sized still of this 
type will distil 44,000 gallons of arnmoniacal licjuor in twenty-four 
hours. ^ i. 

Gruneherij and lilwn.'i Still . — Tn this still the liquor first passes 
intoV tubular preheater B through the pipe a ; it ther^ ascends into 
the column A by the pi})e h, aivl descends the column from plate 
to plate, meeting in ks passage a current of steam ; then it passes 
thPdugh the pipe e into the l)oiler F, which contains milk of lime, 
where the combined ammonia is lilxjrated. The liquid gradually 
fills thi*^ boiler F, risfeseilwvo the level of the pipe/, flows into the 
mud pocket f/, passes out at li, s])reads over the giadations of the 
column i, and runs awayi.by the pipe k and the orifice t. 

In the l)oiler G the w’ater i\hich now contains only a portion of 
the ammonia liberated by the lime comes in intimate contact with 
the steam, which is injected through the perforated coil d. TJie 
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steam forced by the concentric skies of I to rise alonj^ the muitations 
of the column becomes charged with the ammonia |,t meets, and 
passes by the pipe m into the pipes n, which force it to tmverse 
the liqui^ of the milk of lime chamber. ^Fhe ammoniacal vapours 
after\>terds rise into the rectilier, and tinally when they are entirely 
deprived of water they pass through the pipe p into the swituration 
vessel D. The evil-smelling non-condensable gases are collected 
in the bell q, whence they return through rand into the preheater; 



Fid. 17. — Grunelierg and Hluin’s Ammonia Still. 


linally they are burnt in a speciij furnaci*. Tlie milk of lime is 
injected by the pui^p (’ into the still througl* the pipe c. Stills of 
this type #iave been instalhsl capabh; of treating 55(K) to WOO 
gallons of ammoniacal liquor in twenty-four hours. They work 
economically and require little su]X‘rintend(i<ide. % 

liemarks . — Continuous stills should be entirely of cast-iron. 
Copper and bronze should not be used, sinofi they are rapidly corroded 
by the ammoniacal vapours. The )b'esence of ammonium sulphide 
in the ammoniacal liquor is very deleterious and in large quantity 
e^en poisonous. This body gradually corrodhs even cast-iron vessels. 
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Therefore, iron reservoirs are sometimes replaced by cement* ones.. 
According to*Kunheim, gas liquor may be freed from sulphur by a 
strong current of air, tl^ effect of which is to decompose the 
ammonium sulphide into Hj8 and NH.j. • 

Manufacture of Snlpkaie of Ammonia from f "riVic.— Aiifongst 
organic matters putrid urine is one of the most important sources 
of ammonia. The putrefaction of urine gives rise to the formation 
of carbonate of ammonia, urea (X)N.^Hj decomposing as follows : — 

• . CONJI, + 211,0 = (NH,),CO, 

An adult produces on an average ‘10 grms. of urea daily which corre- 
H])onds to an annual production of 24 kg. or 52^ lb., nearly 4 cwt., 
of sulphate of ammonia. To gauge what this means, London with a 
population of, say, 5,000,000 ])roduces in this way nitrogen equivalent 



Fid. tS. — Fi^nera’K 1‘lant for Extraction of Ammonia from Urine. 


to nearly 120,000 tons of sulphate of ammonia, worth at the jiresent 
time (1010) .£17 per ton, or a total value of £2,000,000 annually — 
the real loss is tin; value of the ammoniaj\vhich is £1,500,000 run 
into the sewers and hnally out to sea. 

A^i the carbonate of ammonia is very easily decomposed into 
CO.j and NHg, it has been thought advisable to utilize urine in the 
manufacture of sulplirite of ammonia. Figuera used the following 
apparatus for the purpose. In the furnact^ V is the boiler \V, which 
propels steam into the wrought-iron cylinders (' C' containing about 
100 hectolitres (2200 ^illons) by the pipes T and T'. The twa 
cylinders are charged with putrid urine. The ammonium carlx)nate 
vaporized passes by T" the lead coil c in vat A ; it condenses 
with the water and passes in the state of solution into the vessel S 
filled with sulphuric acid, where it is converted into sulphate of 
ammonia. The liijuid used to cool the coil in the vat A, containir^ 
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about^SO litres (55 j^allons), is putrid urine, \vliieli t]ienc(»j,iassos into 
the cylindei'S C and (’’ liy a pipe not shown in the^ tigurc. The 
boiler W contains the hot liquor not »ntirelv exliaustt‘d from a 
previ^u^istillation which still contains a small proportion of NH,. 
The pipe T leads thi' steam .into the vessel 0: vi is a ])ipe which 
dips a little alxive the bottom of tin* IioIUm' whilst its other end passes 
outside the factory roof ; n is a saft‘tv pipe which indicat«‘s at the 
same time (by the ascent of halls of fmth) if tin* level of t)u‘ liquid 
has lowered to the end of the tube vi ; e is a disehar*,'!' The 

vessels P and P' are to retain the ahundant froth which would 
otherwise contaminaU' the distillate. To aseca-tain the level of the 
froth in the vessels P 1'’, these ar(> fitted at dillerent la^^dits with 
three lateral apertures closed by wooden ]>lu^"s, throujjh .which tlie 
froth flows when tlu' plu^s are removed : wlam the distillation, -which 
lasts about twelve hours, is finished tlu* boiler ^\ is emptied aiul ajiaiu 
tilled with the urine cotitaiiu'd in 

JjiiUzaiion of Peat nt the Maniifacliire (>f Anivinuiucal Soils . — 
For some years <freuter and ^ocatei- i^fforts have Ix-en tnade to 
utilize ])eaL in the manufacture of suljihatc of ammonia. 'Jliie 
ahunclanc(‘ ol tiui raw material, its cheajiness aiul the facilitv of its 
extraction, and linally tlu* unlimited outlet fdi’ comuierciaWnitro^'en 
as manure, ar(! all factors wliich a.re in favoiii of the use of p<'at. 

Numerous processes have been invented lor the cxtra<-tion of 
nitropm from peat. (1) In that of Van Hcelien (11105) the ))i^l\Pr* 
ized Kul)stanc(' washed with IK'l, iIkmi witli ordinary water until 
neutral, is placed in the reciavers arran;f(‘<l in diffusion hattiay style, 
where they are methodically exhausted by water el^uired uith 
ammonia, whicli facilitates the solution of nitro^^Muious matters. ,The 
gas is (extracted frouj the final ])roduct for r<'-use. Hut only 
nitrogen in liumie acid combination is obtaimal, which restricts 
its use in tlie manufacture of cliemical maiuin's. an<l the value of 
which do('s not exce(‘d that of organic nitrogen (rhir hi/ro}. Tlie 
value of the oi’ganic nitrogen of manincs is increased by converting 
it into ammoniacal conq#un(l^s. Kic.kmaim ((ierniau ]>atent. No. 
H238) Hulmiits peat jin'viously heated to from 350 ('. to HOO ('. to 
the action oi a n^ixture of air and steam ; hut, as already mentioned, 
a gi’eat part of the ammonia is deslHoyed at sucli high tem])eratnres, 
so that the yield is j’ery poor, Waltoreck (F**nch jiatent, 315.399) 
obtains Ijf^ter results by h(>ating ])eat either alom* or mixed %ith 
other carlx)naceous matters to a maximum temjicrature of 300** to 
5^“ C., at which the mass is not incandescmil. The inixtv’<‘ of air 
and steam heated to 300'' C. (572 ' F.) is brought in contact with the* 
peat in vertical iron retorts suiTOunded by refractor)’ bricks. The 
temperature of the mass rises natufally up to 400^ C. (752 F.) ; at 
which point the heating of the arriving gas is stopped, the lumt pro- 
dipced by the reaction being more than sifflicient to maintain the 
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emperatu^ at a suitable degree. The arrival of the air is so^timed 
s to oxidize# completely the carbon of the charge in three to six 
lOurs. The quantity of f^eam should be proportional to the tem- 
lerature. The inventor (c^rt. of addition No. 6407) Iras been 
snabled to suppress all fuel by replacing the steam with ver/ finely 
lulverized water in the current of air injected. The ammonia is 
ixtracted from the gases by cooling with or without a spray of water ; 
immoniacal liquors are thus obtained which are treated as usual. 
U Muntz and Laine have determined, yields much superior to those 
ly dfy distillation have been obtained where the coke retains 1 per 
sent of nitrogen ; a peat containing 2 per cent of nitrogen yields TG 
o 1*8 per cent in the form of ammoniacal liquor. 

Muntz\and Girard distil peat (previously dried and crushed 
n a current of superheated steam. Water gas, mixed with am- 
noniifcal vapours, tars, pyroligneous products, are produced. The 
jombustible gas is used to heat the retorts ; the distillation products 
ireated with bicarlxinate of soda residue from the extraction of the 
immoniacal liquors yield NH^ and CO 2 , the latter re-entering into 
ihf manufacture ; and acetates of lime and soda, methylic alcohol, 
md analogous products, accumulate in the mother liquoi-s of the 
aicarboiyite of soda, fiom which they are extracted by distilling the 
mixture of alcohols, and NH^ neutralizing NH^, and then redistilling. 
Finally, the residue from the distilled peat may be used as a substi- 
tute for animal charcoal in the manufacture of clarifying and purify- 
ing niters. The ammonia is present in the ammoniacal liquors 
principally as carbonate. 

Gaillot and Brisset convert the organic nitrogen of peat into 
ammonia by slow combustion. The dry or moist peat — pure or 
mixed with other nitrogenous matter — is Tumshed, then fed into the 
hopper A of the oven (Fig. 49). The bottom of the hopper consists 
of a grating of fiat bars capable of being rotated after the style of 
the laths of a metallic Venetian blind, in such a way that if it be 
turned on its axis the charge passes entirely into the oven, which 
is at once closed. The combustion of th^j peat is fractionated into 
two stages ; at first it passes from the top of the furnace into the 
distilling, zone, where it is dried and then heated to coqvert it into 
a sort of coke. The gases prodiyied charged with steam, ammonia, 
and tar pass into h. 4 , The barred grate C enables the admission of 
the incandescent coke into the zone of combustibn to be ivgulated — 
a real furnace, where the peat burns before passing to the ash-pit. 

‘ Tho diying of poat is a costly item even when air-dried. But here in wet 
seasons in mnuy pt?nt districts it cannot be air-dried ; resource must therefore be 
had to artitioial drying, and tHb whol^ manipulations — making and maintaining 
road to moss, casting, spreading, turning, cocking, carting, stacking, and crushing 
the peats — bring iK^at too near the price of coal for its treatment to prove re- 
munerative. — Tn. 
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The ammoniacal gases, dry and very hot, pass out bv the pipe 
utilized as a heating surface for the concentration of the ainrnoniacal 
liquors. Dampers F as well as shaking grates C and K enable the 
progressipf the combustion to be regulate. 

RScnpemtion of the Antmonta . — For the manufacture of fertil- 
izers it is advantageous to sulistitute for simple condensation a 




method otfixing tlrtj ammonia in a form i mined lately utilizaliUy^s a 
manure. The porosity of ])eai gives it a coriKiderabh! absorptive 
capacity. Bacqua and J^oretU^ use it to abscrb the ammonia from 
the distillation gast's. These pass into chamlxu-s contairAng jier- 
forated boxes arranged as baflles and filled with a mixture of jieat, 
sawdust, and sulphuric acid, and, are tliere deprived of all their 
ammonia. 

Gaillot and Brisset use pure }>eat impregpated with acid solutions. 
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ot mijfed with superphosphate of lime as an absorbent. Th^ir re- 
cuperator XF\fi. 49) consists of a tower K, divided into ten stages by 
wide oscillating flat bars driven independently, so as to be able to 
regulate from the outside \he forced methotlical circulation of the 
absorbent of whatever natui^e it may be. The arrivals respectively 
of the hot and cold gas produced in their ovens, already described, 
are in 0 and II at heights calculated so that the space HI is 
sutticient for the gases escaping by the chimney I not to contain 
more than trac(;s of ammonia, and that the path GH suffices to dry 
perhgk*^ly the manure njaching the discharge door of the oven L. 

Mnnl.<: and (rirard collect ammonia by condensation and 
bubbling, purify the ammoniacal licjuors by distillation, then treat 
them with NaGl. Ammonimn chloride and insoluble bicarbonate of 
soda are oblaimid ; th«; carhonation is finished by a current of carbonic 
acid fiom tlui r(!sidual bicarbonate, then it is filtered. The calcina- 
tion of th(^ product enables tlie ammonia to l)e recovered, and gives 
(X).. utili/(^d foi’ th(^ next carhonation. The filtered solution con- 
tains an exc(!ss of Na(d an<l ammonia, as ammonium chloride and 
carbonate. Tlu^ carbonate is separated by distillation, and calcined 
at'a highfU’ t(jmp(;rature. Na(fl, e(jually soluble in the hot state as 
in th(i cold, crystallizes ; it is s(;parated, and there is finally obtained a 
very con'bftntrated solution of ammonium chloride, which is crystal- 
lized. The product may afterwards lx* redined or used directly as 
nuyuire. 

Mawufac litre of Sulphate, of A nmonia from Peal hy the Aloud 
ProcvHs. -Afttir numei’ous unfruitful t*xperiments on the' utilization 
of peat, Dr. Caro has applied th(^ Mond process, hy which poor coals 
are utilized, not only to produce gas to drivti motors, but also to 
utilk'.e their nitrogen as sul])hate of ainmonia by giving to the gas 
producers jin appropriate arrangement. Experiments made in this 
direction at Stockton by Mond for the utilization of peat have given 
very satisfactory results, and as a se(]uel to tliese an experimental 
factory was installed in Germany capable of treating 50 to 00 tons 
of humid peat daily. That factory cornmenced to work in 1908 by 
utilizing 950 tons of peat placed at its 'disposal by the Prussian 
Minifitry of Agriculture. The peat, a portion of which had been 
delivered as far back as 1907, and another part in the spring of 
1908, after having been ke])t in the open air, was very wet ; certain 
part^ containing 4‘2'*f7 pt'i* cent of water, others ()5‘70^per cent. 
The average percentage of nitrogen calciilated on the dry sample 
was 1*05 ; the amount of ash was, on an average, 3 per cent. 
With th^ daily treatmeilt of 45 tons of peat with 42 to 47 per cerit 
of water, 100() kg. (one metric ton) of dry substance yielded in the 
gas producer 2800 cubic ihetres^of gas, containing 17 4 to 18 8 per 
cent of carbonic acid by volume, 9’4 to 11 per cent of carbonic 
oxide, 22*4 to 25*0 pe;* cent of hydrogen, 2*4 to 3*6 per cent of 



NITROGENOUS MANURES 255 

meth^e, 42 6 to 46*6 per cent of nitrogen, and only trabea M 
•oxygen. The combustible elements of the producer gasesftimounted, 
therefore, to between 36 and 36 per cent, and their calnritic in- 
tensity was, on an average, 1400 calorit's per cubic metre. For 
peat, ^►vitn 65 to 70 per cent of water, ^he percentage of carl)onic 
acid and the volume of gas -was higher, but the total amount of 
•combustible elements fell to 2S‘(>. Now, as the gas from blast 
furnaces, with 20 per cent of total conibiistiblt's, is still utilizable 
to drive gas engines, the gas, with 2S*6 per crnl of combustibles, 
yielded by such a wet ])eat might also be ust*d to drive ex)ij#sion 
motors, and, with greater reason, for heating, A measurt'd sample 
of the normal gas, witli 36 to 36 ))er cent of comhustihh* elements, 
was taken to a 50 II. I‘. gas motoi’, lilted with a Prony Ifrake, and 
it was found that for oiu> etlective ll.P. it was lu'cessary to us»' 
2‘4 cubic metres. 'Far dust was almost com]»lelely aJ)sen1» As 
1 ton of peat yields 2H00 u'etres of gas, that gives a sield of 
1 160 horse-power hours, and as the gas, (‘sca]>ing at 500 ' ('., snlVu^es 
to ju'oduce tile steam reijuired for llie jirodncers, and as the air- 
])um})s and water-pum]>s, as well as tla* serubher, reijuiri* litth' 
force, one is saf(! in counting on a yield of 1000 horse-]iower hoif\’s • 
per ton of dried peat, tliat is, on an amount of (uiergy sullieitmt to 
■combine 50 kg. (say 1 cwt.) of atmosjdierie mlrogim under fhe form 
of calcium cyanamide, CaN./H.., or from 16 to 20 kg. (35-2 to -M lb.) 
■of nitric acid. , 

Ihit the agricultural utilization of jieat is still moo' a(ivantHj.ji'Ous 
if the ammonia lie extracted fiom tin* gas generated in t)n‘ gas pro- 
ducers. If all tlie organic substance, of the peat be gasilied in a mix- 
ture of air and sujierbeated steam, hydrogenation of the wiliogimons 
■substances of the fuel is iiroduced, '\.v. of the ]>eat, and 4his 
hydrogenation is so energi'tic lliat, if tlu* gas be washed in a Kul))huric 
acid scriibboi;, 77 to HO ])er cent of its nitrogen is obtained as 
sulphate of ammonia. The p(‘at bm nt at Sodingen, wliicli contained 
rOo per cent nitrogen, gave an ej'lective yield of 40 kg. (HH lb.) of 
sulphate of ammonia per um. A small lot of prat --gnsiji(‘d in tin? 
Stockton factor) wliicb cfmtained 2 8 pere.entof nitrogen in Ibediy 
substanci' gave hkewise, according to the (-xpci iments of I)r. f'aio, as 
much as 1 U kg.* (242 lb.) of sul])hate of aiiimonia ])rr ton, whilst coal 
generally contains ho jier cent of hitrogen. No account was taken 
of the secondary products of the combustion oi*|n*at tar, for instiyice. 
which is olitaiiied in somewhat important (juantity, as well as acetic 
acid and wood-spirit, because time was wapting to e?;timHte the 
v^,lue and importance of these bv-jiroducts, Vnd aflerwards^because 
it was thought that the gasiticatioii of jieat would not d(*velo]) on a 
large scale unless the two chief jiroi^ucts w'hich it yielded, motor gas 
and sulphate of ammonia, offered sufficient profit without it Ixdrig 
necessarv to instaJ com plicated equi])nieijt (pr the treatment of the 
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Sy-piMucts. If afterwards the treatment of the by-prodrrets ap- 
pears to \Sk profitable, it will then be time to examine them, but at 
the present they have not been taken into account. To finish, let 
us quote an arrangement* for the extraction of ammonia from com- 
bustion gases, which is the*subject of the American patent iil6,035 
9 f 5 March, 1907. The hot gases from the combustion products of 
coke ovens, etc., enter by a tube A into an apparatus containing 
the tubes of a refrigerator B, and from there into a second refriger- 
ator D, by the pipe (J. A pump G aspirates the cooled gases from 
the cnfrigerator D by the pipe F, and projjels them into the tar 
separator H. The gases freed from tar return by the pipe I into 
the refrigerator D, and from there by the pipe K into the refriger- 
ator B. *in the refrigerators B and 1) the gases are reheated by 
the hot gfiCses which enter by the pipe A and suiTound the tubes. 
Fronft there the gases pass through the pipe L into an acid tower 
M, which is filled with coke or analogous material, on which a 
reservoir N delivers acid as a fine rain. The gases thus freed 
from their ammonia pass through a pipe O, into a refrigerator P, 



Fig. 50. — American Plant for Uecovery of Ammonia from Combustion Gaseis. 


and can then be used for different purposes. The ammonia ex- 
tradited from the crude gas combined with acids, is condensed in 
the refrigerator 1) at the same time as the water. The liquid 
separated in B and in 1) is evacuated by the pipe Q into the reser- 
voir B, and from there it is directed into a distilling apparatus S. 
In that apparatus it is distilled by steam along with milk of lime ; 
the ammoniacal vapours pass by the pipe T into a saturation reser- 
voir U, which is fed through the pipe V'with liquid formed in the 
acid< tower M. The sul])hate of ammonia which is deposited on the 
bottom of the apparatus U is evacuated in a continuous manner l)y 
the injector W. The residuary 'water from the still is conducted b^ 
thc^pipe W ', termintiled in the form of a rose, onto the chimney X, 
the draught of which is stimulated by the fan Z. The sulphate of 
ammonia thus prodpced contains, according to its percentage of 
moistuft 3 , 20 to 24 per Cent of ammonia, which corresponds to 77 
to 93*2 per cent of sulphate of ammonia, or to 16*5 to 19*5 per cent 
of nitrogen. 

Crme Ayimonia from Spent Oxide . — The liquid obtained from 
sulphate of iron and lime used for purifying coal gas, vrhich con- 
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tains s|!ent oxide, furnishes a product called crude aniin 9 uia {crud 
d artinwnuic). Although ammonia can he extracted from it in the 
pure state by treating it like gjis liquor, g»;nenillv it is simply con- 
centrated Vy evaporation. A product is then obtained which should 
only be*employed as manure with great pivcjiutions. Some years 
ago Maercker analysed a product of this kind, under the name of 
crude ammonia. He found the following products 


TABLE LXX.— ANAI.YSIS OF SPENT OXIDE FROM (IAS 


Moisture 

Sulphate of auinioiiia . 

Insoluble nitrof^en compounds 
Ferrous sulphate .... 

Sulphur 

Cyanof'en compounds 

Ferrous oxide and ferrous sulpludo 

liime organic matter 

Sand, clay, etc 


7Vr cent. 

H-7 

17‘S - 4 r} per cent nitrogefi. 
•>t IH 
IfiO 

10-7 
1-2 
22 'it 
14H 


lOUH) containing per cent N. 

Amongst these compounds the suljdiate of ammonia is the only 
fertilizing material ; the insoluhle nitrogenous compoumls, the 
sulphur, the lime, the sand, the clay, an* itH*rt materials ; whiltA 
the sulphide of iron and the cyanog(‘n com))ounds, are plant ])oisdnrt. 
These substances should not be em])loyed as uianun* under any 
pretext. 

Another crude ammonia of this nature*, exceedingly (fangerous, 
and also from an English suurce, and ))ut on the market under tne 
name of brown sulphate of ammonia, was ana!ys(*d by (1. Schuman. 
This product contained : - - 


Water . . . . j 

Sulphate of amnionin 
Siilphocyauide of animoiiiH 
Sand . 


iV/- ct'ni. 

4 -Hr, 

14 H7 a-HO jM-r cent nitrogen. 
7:1 94 r, n;-,54 
0-2:4 * 


y'.t-yo with 20'U4 JM-? cent N. 

• 

The ammoiHuiii suipnucyanide contained therein is (‘xcwsdingly 
poisonous to plant.s, and l)efore using any products of this ^jature 
it is necessary’ to ascertain if they are exempt from this substance. 

The departmental laboratory of Ohalonv-sur-Marne analysed in 
1907 a somewhat large numl>er of cihde ammonias from different 
sources. The composition of some of the samples examined is given 
in thft following table : — 


17 
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TABLE t.XXL — rEUCENTAGE OE DIFFERENT NITROGEN COM- 
POUNDf^ PRESENT IN A SERIES OF SAMPLES OF CRUDEi.AM- 
MONIA FROM GAS WORKS. 



lotal 
Nitrogfn. 
Per cent. 

Nitrogen 
Holuhle in 
Water. 

!*cr cent. 

Anmioniacul 
Nitrogen. 
J*ei- criit. 

Nitrogen J)f 
>>iilpho«-yanide 
Per cent. 

In.soliible 
Nitrogen. 
Per cent. 

) 

Moisture. 
Per cent. 

L 

. 2 

0-M17 

0-22 

0 


25-52 

2 

TrOl 

1-718 

1-01 

0*167 

8*08 

14-06 

H 

2-06 

O-HO 

0*87 

0 

2*07 

2*62 

4 

7-08 

4 -.82 

2-80 

0*780 

2*76 

15*68 

5 

fe80 ' 

O-lOH 

0-J81 

0*068 

8*61 

12*68 

« 

.8*16 

0-81H> 

0-.821 

0*044 

2*76 

8*20 

7.. 

2-76 

1 0-806 

i 0-07.') 

0.807 

2*86) 

11*88 

8 

6-24 

! 1-.510 

0*022 

0*807 

8*78 

20*40 

0 

4-10 

' 2-24 

MO 

0*882 

1-06 

17*82 

10 

2 '66 

i 1 -88 

0-408 

! 0*640 

MS 

4*60 

11 

<;*4() 

2-00 

0*016 

; 0*408 

8-60 

16*14 

12 

8-04 1 

! 4-20 

1 *647 

1*210 

8-75 

24*57 

18 

6-48 i 

! 1-68 

0*00 

0*106 

8-86 

6*72 

14 

0-70 1 

' 6-84 

4*186 

‘ 0*060 

8-86 

6*74 

16 

, 6 -r >0 

4-4" 

2*61 

; 1*108 

2-18 

10*41 

16 

6*60 1 

1-68 

0*607 

! 

; 0*686 

6-02 

22*67 


'■ This table shows that t}i(3 composition of these crude wastes is 
very irregular. There seems to be no relation between the dilTerent 
forms of nitrog(!n to be mot with therein. Jn appearance, smell, and 
moisture they vary exceedingly, sonu' black, others brown, whilst 
others present a whole play of colours, from d(‘t!p blue to almost 
black, or greenish-blue. Sometinu^s the smell is sulphurous, some- 
times cyanic, at other times the smell of benzene or tar ])redomi nates. 
Their consistency is generally pulverulent, sometimes, however, it is 
damp and pasty, and manipulated with difhculty. All these varia- 
tions are explained by recalling the origin of the crude, which is a 
material for purifying coal gas. Ammoriacal compounds, sulphides, 
cyanides, come from the gas, also naphthalene and tarry matter 
varying in proportion according to the coal used, and idso according 
to the arrangement of the pu-itiers, because effoi ts are made to 
retain the ammonit - and the tar before they reach the crude. The 
substances used to retain the impurities are hot alwa}:; the classic 
lime and sulphate of iron (green vitriol), which yields sulphate of 
lime and oxide of b-on ; the inert absorl)ent, genenilly sawdust, 
sometimes consists of shavings, or again of earthy matter. The 
arrangement in the gas-works wd\ich delivere the waste have there- 
fore a great influence on its composition, and this influence further 
increases by the care taken in storing the material after it has been 
removed from the pui^fiers. 
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Preparation of Ammo7m Synlheticalli/ from its Element 
production of ammonia synthetically hx)m a mixture dof nitrogen 
and hydrogen was hrst brought about by Igonkin ^ with thi‘ aid of 
the silent ^ectric discharge ; it has also ^etm known for som§ little 
time thftt nitrogen and hydrogen could be made to unite by means 
of catalytic agents. Under 'ordinary conditions, however, the 
amount of ammonia produced in this way is but small and the 
reaction was not further studied until the matter was taken up by 
Haber in Germany who investigated tht* problem most carefully 
with a view to determine the conditions most favourable t<1^he 
union of these two elements and thus laid the foundation of what 
is now one of the most important of the chemicjxl industries. The 
practical development of the proc(‘ss was undertaken* by the 
Badische Anilin und Soda Fabrik at Oppau ncMir laidwigshafen 
jvith such success that now more than 500.000 tons (son uf say 
1,000,000 tons) of synthetic ammonium suljdiate are annually pro- 
duced in Germany, besides which the ammonia is oxidis(‘d to nitric 
acid for the })roduction of nitrates, so that the pioc(‘ss has helped 
to a very large extent to render Germany iiuh'pt'ndent of any ex^ 
ternal sources of nitrates for tlui production of exjdosives, dyes, etc., 
and for agricultural purposes. , ' ^ 

Notwithstanding the interest taken in this ])rocess the d(‘iails 
have to a very large extent been kfjpt s('cret, so tliat little information 
has been availabh? ; inde})endent workers in other countries, then#* 
fore, have had to develoj) the methods for thems(‘lves. In a pa^H*r 
by Habei’ and I^e Kossignol,- however, havt; be<*n given some details 
of working with an ex])erimental ap])aratus. They state that the 
nitrogen is ])referal)ly obtained from air by li(juefaction, Wut it may 
also be produced by the alt^rnaU' action of air and pro<lucer gas on 
h^'ated cop})er. The hydrogen may be produced by th»‘, decom})ositiou 
of distillation gases, by the alternate action of st(‘am and niducirig 
gases on heated iron, by the electrolysis of water, or by tbe action 
of water gas on calcium hydroxide. 

The apparatus consists^essenti.illy of a long ste.el tube which 
•contains a layer of the catalyst in the form of ]K)wder or granules, the 
latter being heaWd to the required temptuature whiU; a mixture 
•of the two gases under conHideral|)e pressure is jjasseil through. 
Temperature and pressure are most imj)orlan^. The most active 
•catalyst wa§ found lA’ Halxn* and van Oordt to be manganese, ii^ut 
the present authors state that both osmium and uraniiyn are far 
mcy-e efficient. The highest yield of ammoniadn the issiiing gases 
•was obtained at a temjjerature of oOfU G under 2(K) atmoffpheres 
pressure, when 18T per cent of ammorjia was obwTved. This 

0 

* W. F. Donkin, “ Proc. Itoy, Soc. XXI.,” 2H1. 

Haber and B. Le Boaeignol, “ Zeil. Elertro-cheni.," 191. S, 5H. 
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quantity's, however, exceptional. In a series of experimeftts with 
uranium asf catalyst under varying pressures and temperatures, and 
with different rates of 5ow of gases, from 1*97 to 5*5 per cent of 
amm6nia was found in t(jie issuing gases. There 8eem^?d to be no 
difficulty in maintaining about 5 per cent over a lengthened period. 

The ammonia is obtained from ‘the gases by liquefaction in a 
refrigerating machine ; a certain proportion, however, cannot thus 
be liquefied but remains in the gases, which are strengthened 
by^dition of fresh nitrogen and hydrogen and again passed through 
the catalysis tube. 

The Haber process has been the subject of a considerable 
amountjOf research in this country during the last few years, the 
work which has been done on these lines being described in a paper 
by 11 Maxted.^ As emphasized by him, it is necessary, in the 
first place, to prepare the hydrogen and nitrogen in an almost^ 
absolute state of purity, since many substances which might be 
present in the im])ure gases act as catalytic poisons and entirely 
prevent the reaction. Pure nitrogen is obtained from the atmos- 
'^jhere by liouefaction and fractionation. The liquefied product is 
caused to now down a fractionating column up which passes a 
currentt of air cooled to a litthi above its liquefying point. In this 
way the oxygen of the air is condensed and flows downwards while 
the purified nitrogen gas ])asse8 upwards. The liquid mixture of 
Oxygen and nitrogen falls to the bottom of the fiactionating column 
where it is subjected to a continuous fractional distillation yielding 
in turn pure nitrogen and pure oxygen, the former being again ad- 
mitted to the apparatus. By this method of working only about one- 
fi(th of the air tr^'ated is actually li(|uefied. 

With regard to the pre})aration of pure hydrogen, several methods 
have been studied but for reasons of economy electrolytic methods 
are out of the question. The best process appears to be the so- 
called continuous method in which a mixture of water gas and 
steam is passed over a catalytic agent, usually activated oxide of 
iron. By this metho<l the carbon mojioxide in the gas is replaced 
by hydrogen — 

CO + H,p CO., + H.^. ' * 

The carbonic act’d is removed from the gas byj'compression over 
water, and the small quantities of sulphui^etted hydrogen, etc., 
which are also present, are absorbed in o.xide of iron purifiers. The 
gas e\jen after this treatment is not entirely free from carbon mon- 
oxide, which may be present to the extent of 1 or 2 per cent, and as 
this acts as a catalytic poison it is absolutely necessary that it 
should be removed. This re^^idual carbon monoxide, it was found, 

' E. 13. Maxt^d, “Jour. Soc. Chem. Indt.,” 1917, 777. 



NITROGENOUS MANURES 261 

9 

was really produced by a secondary reaction in which, at^theliij^h 
temperature of the catalytic furnaces, carbon is deposit(jd from the 
carlx)n monoxide, and this again formed carbon monoxide by re- 
acting witlj the carbonic acid. By a modification of the method of 
manufacturing the water gas sufticient dlirlxmic acid is ensured to 
prevent this reaction without appreciably adding to the cost, and in 
this way hydrogen is prepared containing 99'94: per cent of this gas 
and 0'06 per cent of nitrogen, and entirely free from carlx)n mon- 
oxide or carbonic acid. 

For the synthesis of ammonia, the nitrogen and hydrogciiHlre 
mixed in the proper portions and are then submitted to considerable' 
pressure, and while in this state the mixture of gases is passed over 
a heated catalyst. It has been found by experiment that \^n’y.high 
pressures favour the production of ammonia from its elements and 
^t the same time lower the tendency to dissociate, hence the lurk- 
ing pressure is kept as high as possible conditional to tbe strength 
of materials and the proper working of the plant, this being 180 to 
200 atmospheres. The choice of the catalyst is important since the 
perc(!ntage of ammonia in the exit gases is to a great (‘xtent de- 
pendent upon the catalyst used and its condition. No doubt the 
rare metals of the platinum group would be mpst ellicicmt but they 
are expensive, therefore a cheaper catalyst is to be preferred. The 
most eOicient of the latter class are uranium and iron, and although 
the former is the better of tin* two it is more diflicult to prepai e and 
also to regenerate ; moreover, it is (piickly nmdered inactive •!)>' 
moisture in the gases. The iron employed is not pure but V(sy 
small (juantities of other elements, known as “activating" agents, 
art; added to it. After passing through the heated catalyst*t}ie gasi'S 
are cooled to - 77 ' C. to litfuefy the ammonia, the gases being thfen 
circulated again through the apparatus. The Haber process was 
first installed on a commercial scale in Germany in 1913, the 
capacity of the plant being about 30,000 tons of amnionitmi sul- 
phate per annum. In that year about 20,000 tons wei*o actually 
produced. The production then ra])idly increased: in 1914 it 
amounted to 60,000 tons,, in *1915, 150,000 tons, and in 1916, 
300,000 tons. lo 1917 the plant was extended so that the pro- 
duction in tliat year would arnoiint^to over 500,000 tons calculated 
as ammonium sulphate. . : . 

Preparn^ianof Xifric Acui hij Oj ulatunmJ Aniinonui. -Ammqpia 

salts are oxidised by bacteria in the soil to nitrates, but untjl recently 
it \yas not possible "to do this by chemical ineans on a large scale. 
The method of oxidising ammonia to nitric acid in presehce of 
platinum was known by Kuhlmann as fj^r back as 1830, but its 
practical application was only made ^possible in 1902 through the 
researches of Ostwald who employed a catalyst consisting of 
ordinal*}' metallic platinum coated with platiwurn black, over which 
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a raixtu|^ of air and ammonia gas was passed at a high*velocity 
to prevent Jihe decomposition of the oxides of nitrogen formed as a 
result of the oxidation. , 

At the present time thjire are three methods of worj^ing which 
are essentially similar but differ in the catalyst employed.* In the 
Ostwald process a platinum plug'is now u.sed, but the process 
most favoured is that in which a platinum gauze net is heated 
electrically. In another process base metal catalysts are employed 
which are “ activated ” by bismuth or copper. In the Ostwald 
pr^l^ss the mixture of ammonia and air is passed alpng a “ heat 
interchanger” in which it comes in contact with a platinum plug. 
The yield of nitrate is good, averaging 90 per cent or even more, 
but the temperature is not so easy to regulate as in the process 
where platinum gauze is employed. 

The production of nitric acid from ammonia has been closely 
studied by the Nitrates Section of the Munition's Inventions 
Department with considerable success, and a description of one 
form of catalytic converter which has proved exceptionally efficient 
iias been given. This consists of two cones joined together by 
segments which are rectangular in section and of cast aluminium, 
provi^d with ffang<38 for bolting together. Perforated baffle plates 
are fixed between the segments, except in the uppermost one 
which carries the frame on which is stretched the catalyser gauze. 
There is an opening in the upper cone covered with a mica window 
thfough which the catalyst can be observed while working proceeds. 
There is also an inlet pipe below for the introduction of the 
the ammonia gas and air and a corresponding pipe on the upper 
cone for the exit of the nitrous gases. The length of the converter 
is about 4 feet and its approximate weight 32 lb. Air is supplied 
by means of a blower, the ammonia gas being introduced into the 
stream through a series of nozzles, the flow' of the latter being 
adjusted by means of a valve. It has been demonstrated, however, 
that better results are obtained by allowing ammonia liquor, 
containing about 25 per cent of the ga^, to flow dowm a coke tower 
up which a current of air is driven, the mixture of ammonia and 
air* being subsequently .purified by passing it through a layer of 
coke or glass wool to remove qny dust or oxide of iron which may 
remain suspended ifi it, the latter especially acting prejudicially on 
tho efficiency of the catalyst. ' c 

The catalyst consists of one or more sheets of platinum wiro 
gauze.80 meshes to*tbe inch, of w'ire 0'0025 in diameter which,are 
taounled in an aluminium frame and fixed between the upper cone 
and the first segment. The gauze requires a preliminary neating, 
which is done by electricity* conveyed by leads at opposite sides 
attached to the wire gauze, hut sufficient heat is produced during 
the reaction to keep the gauze at the proper temperature provided 
that the flow of air and ammonia is regularly maintained. 
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Th% reaction which takes place is shown in the follctwing 
equation ; — 

4NH, + 50., = 4N0 + GII.,0 

Bu^ tlfe greatest efficiency is attaineii when the pi oportions of 
air and ammonia are between those required to form N.,0., and 
NgOr,, and nearest to and the temperature between (>50'^ 

and 700° C. at the gauze. When the amount of air is higher than 
this the temperature is too high aiui losses occur owing to the 
formation of free nitrogen, while less than this allows unqj^-ed 
ammonia to pass through and the ttunperatun* of the gauze falls. 

With regard to the efficiency of this converter the following 
figures are given : With one gauze and no external bwiting 90 
per cent of the ammonia was convm'ted into recoveralilt^ oxitles of 
nitrogen, with a flow rate not exc(‘eding the eijuivabrnt of O'iifi ton 
*HNO^ per sq. ft. of catalytic area p(‘r 24 hours. With two gauzes 
under the same conditions the yield was increased to 0-35 ton with 
the same efficiency, or 1’5 ton with an efliciency of 85 per cent. 
When the gauze is heated or the temperature of tlie gases is l aised to 
350° C. the efficiency is maintained with a much quickei' flow of gastjS, 
1*5 tons of HNO;{ per s(j. ft. of catalysiu' area p(‘r 24 hours and 
with an efficiency of 95 per cent having he(^n maintained under 
working conditions. The platinum gauze used weighed about 50 
gleams per square foot and the amount of nitric acid formed with 
two gauzes in position thus amounted to 15 kilograms per grajji of 
platinum per 24 hours, which is a highly creditable performance. 

After passing through the platinum gauze the hot gases, liaving 
a temperature of 400° to 600° (1., are cooled as quickly »s possible 
in a special form of cocjer lined with acid-resisting materuils, 
and issue from this at a temperature of about 30° ( 1 . More air is 
admitted so as to form nitrogen dioxide* (NO.J. The latter may 
be used directly in the sulphuric acid chambers, or it is passial 
through a condensing tower down which water is allowed to trickle, 
and eventually it may be converted eith(*r into ammonium, 
potassium, or calcium nitft,te, by neutralizing the liquors with the 
respective carbonates and evaporating the solutions. , 

CommerHal Sulphate of Ammonia. — Piu-e sulphate of ammonia 
contains 25'7 per cent of ammonia or 21*2 per cent of nitrogen. 
Commercial sulphate contains in round numt)ers 20 per cent of 
nitrogen equal to 24*5 per cent of ammonia- the term usefl in 
Great Britain is guaranteed ; however, there is geneililly found 
other salts of ammonia which bring the tcftal up to 25 pgr cent. 
Sulphate of ammonia when pure is white, l)ut it generally contains 
traces of tar or its derivatives. The^elloNV colour is often produced 
by the presence of arsenious sulphide, the green coloration by ferro 
cyanide of iron, but these colours disap])ear ^n dicing. It is known 
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\hat*ammonia is converted in the soil by bacteria into nit»ic acid, 
NHj 4- HNO;, + HgO, but this nitrification is only possible 

if the sulphuric acid of this salt be neutralized with lime. Com- 
mercial sulphate of am^nonia should he neutral and ccyitain as a 
maximum 2 per cent of w^ter ; when it contains only 1 pe» cent of 
ammonium sulpho-cyanide (NH^CNS), it is injurious to plants, ac- 
cording to Maercker. But these impure products are no longer 
manufactured. Sulphate of ammonia is dried in a steam dryer, and 
if necessary crushed in ball mills with a No. 50 sieve or in Carr’s 
disiwbgrator. l^ags which have contained sulphate of ammonia, 
like nitre bags, are di’ied and cleaned by beating or by washing with 
water ; the wash water in this case is returned to the concentration 
pan., • 

TABfcE riXXII.— TABLE FOR CONVERSION OF NITROGEN TER CEN^ 
INTO AMMONIA PER CENT AND VICE VERSA. 


l^erceiitag<! of 

P«o'tunitugf of 

Percentage- of 

, Percentage of ! 

Nitrogen. 

Arninoniii. 

Ammonia. 

Nitrogen. 

1 

1-214 

• 1-214 

1 X 0-8287 

! 

0-8287 ; 

2 


2-428 

2 

1-6474 ! 

8 


H -(;42 

H 

2-470 

4 


4-850 

4 

8-205 ! 

• 

!! 

0-070 

'7 

4-118 

(i 


7-284 

0 

4-042 

7 


8 -408 

7 

5-760 

8 


0-712 

8 „ 

6-580 

<1 


10-020 

0 

7-418 

10 

»l 

12-140 

10 . 

8-287 

11 


13-854 

11 

0-060 

12 


14-508 

12 

0-888 

IH 

M 

! 15-782 

18 

10-708 

14 


10-000 

14 

11-581 

15 


18-210 

15 

12-855 

16 


1 10-424 

10 

13-170 

17 

1 > 

i 20-088 1 

. 17 f ,. 

14-008 

18 

M 

1 21-852 

IH 

14-826 

10 


I 28-/;)00 

, 10 

15 - 6 r >0 

20 


i 24-280 

20 

* 16-474 

21 


1 25-404 ' 

21 

17-208 

22 


20-708 

22 „ , 

18-121 

•38 

ft 

27-022 

28 

* 18-045 

24 

r* 1 

1 20-186 

24 

19-760 

26 

M 1 

1 , . 80-850 

1 1 f 

20-502 , 


As already mentioned, the j^trength of sulphate of ammonia may 
be expressed in two ways. In France it is customary to give the 
percentage in nitroge^i ; in other countries, especially in Great 
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Britaii, it is given as ammonia, so that the same sulphate lias a 
strength 21*21 per cent or 25*75 per cent according to ^he designa- 
tion adopted. To prevent any confusion, it suffices to multiply the 
strength ammonia by the number 0*823^ to obtain the coms-pond- 
ing peitcentage of nitrogen. Inversely, i/iultijdying the percentage of 
nitrogen by 1*214 the corresponding j^ercentage of ammonia is ob- 
tained. The table on opposite page contains the conversion tigures 
for all strengths met with in commerce : — 

Ammonia Production. — According to the Deutsche Ammoniak 


Verkaufsverenigung, the world’s 
in 1910 was as follows 

production of sulphate of aimiftnia 

Ti^is. 

Germany .... 

878,00tf 

Great Britain 

859,000 

United States 

116, 000* 

France .... 

56,000 

Belgium-Holland 

48,000 

Austria-Hungary 

] 100, 0(H) 

Spain, etc 

1,057,000 


• # ^ 

In Great Britain the amounts were ((’hief Alkali Inspectors 
Annual Reports.) 


1908, lit09. 1910. 1911. 1912. 191.8. j 19H. 1915. 

I _ j 

ioas WorkK . 105,218 104,‘2*2fi 107,820 108,788 172,094 182,180:17^,980 178,075! 
jlron Works . 18,181 20,228* 20,189' 20,121; 17,020 19,950i 10,008 15*142 

Shale Works. 58,028, 57,048 59,118i 00,7(;5 02,‘207 08,00l| 02,749 58,820 

|ck)ke ovens, ete. 04,227| 82,880 92,005;105, 848 104,982 188,810|l87,480 145,400 
jProclucer | 

1 and Carbonis- 

I ing Works . 24,024! 24,705 27, 850; 29,904: 82,049 88,005' 84,295 .82,218| 

iTotal . . 825,228 849,148 807,587'884,970 888,808 482,018 420, 4 1 2 420,207! 

*. * ' ' 

^ • • 1909. 1910. 

Kxiwrta . 204,000 284,000 

Home consumption . . *87,000 87,000 

• , 
The production of ammonia in the United States,^ calculated 
as sulphate, amounted, according to W. N. JMcIlravy in 11109 to 
1^6,500 tons, and in 1910 to 116,000 tons. The importff for the 
fiscal year ended June 30, 190H, amounte^d to 34,274 tons and in 
1910, 62,610 tons. Altogether the borne consumption of ammonia 
salts calculated as sulphate, therefore, amounts to about 178,000 
tons. 



CHAPTER XIII. 

•wt MANUFACTUllE OF MANFllK FROM ANIMAF; WASTE. 

Preliminary Jiemarks . — The utilization of wante of animal origin is 
of eqyal •economical importance to that of human excreta. Like 
the latter* the yjroducts have come from the soil and been paid tor 
in tht form of manure. Unfortunately, these wastes are not col- 
lected with sufficient care, in spite of the great facility with which 
they can he utilized. Vast quantities of blood are annually lost in 
the slaughter-houses of both large and small towns, where the air 
ig infected by the products of its decomposition. Numerous animat 
carcases are buried every year, not only through following an old 
custom, but, moreover, in order to obey certain regulations of the 
sanitarj' authorities. Conviirsion into chemical manure would be 
their best disinfection. In this conversion all animal matters are 
boiled, which not only destroys active organisms, but also the germs- 
of ^putrefaction and the germs of contagious diseases. Moreover, 
as animal matters are not long in commencing to putrefy if left to 
themselves after boiling, manure manufacturers have the greatest 
interest iff avoiding this decomposition, because it always entails a 
certain loss of nitrogen, the most valuable constituent. This is 
effected by drying, for dried animal matter can be stored for years 
without decomposing. By examining the methods used for the 
manufacture of manures, it will be seen that they not only afford 
means of making an excellent profit from animal waste, but also 
of destroying all the contagious germs which they may contain, and 
that therefore the sanitary regulations which require all animals 
that have died from infectious disease to be buriejl, are thus quite 
contrary to economy as well as to well-conceived hygiefiic measures. 
The animal matters rich in nitn>gen most often utilized in manure 
mey;iufacture are — blood, meat (flesh), horn, and leather^ waste. 

Blood . — Fresh blootl forms a red thick liquid of density 1*045' 
to 1*575 (B’ to T B,or 9^ to 15'" Tw.). In contact with free air it 
soon separates into tw'o parts, one solid, fibrous, forming the clot, 
whilst the other, liquid, constitutes the serum. The clot consists- 
mostly of fibrin, whilst* the *u^‘rum especially contains dissolved 
albumen (7 to 8 per cent). Blood contains per 100 parts, 79*6 of 
water and 20*4 parts qf solid matter. The solids consist of : — 

(266) 
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• Per cAit. ' 

Nitrogenous matter, (fibrin, albumen, globulini . . * I'J-l 

Fat • . -2 

Non-nitrogenous organic 

Mirftral matter * . . •« 


• 20*4 

Amongst the mineml matters of blood, mention must he made of 
chloride of potassium and of chloride of sodium (common salt), and 
also phosphoric acid, lime, and magnesia. Phosphoric acicy^irms 
9'8 per cent of the ash ; potassium chloride, 46 per cent : cor- 
responding to 29 per cent of potash. The composition of blood 
differs a little according to the animals from which it is derived, as 
the following analyses by Wolff show : — * 

• 

TABLE LXXIII.— ANAI.YSEH OF HULT-OCKS’, CALVES’, SHEEF, AND 
PIOS' Br<()OD. 


* 

Bullocks’ 

! Blood. 

Pt-r <rnt. 

(halves’ BbMxl, 

1 Sheeji’.s Bl(K>d, 

' idgs' Blootli 

i 

Per cent. 

Per cent. 

Per cent. 




• 


Water . 

7St 

HO 

70 

HO 

Solids 

21 

20 

21 • 

1 

Nitrogen 

H 2 

2*0 

^ H* -2 

1 2-0 

Phosphoric acid 

0-04 

0-00 

0 04 

i 0-00 

Potash . 

()•()() 

0-OH 1 

0*05 



• * 

Dried Blood . — Usually blood is coagulated in factories by steam 
in an open pan, adding to it 3 per cent of ferric sulphate solution 
marking 5P B. (110° Tw,). The coagulated blood is then laid to 
drain in perforated cases, where it remains for a month, and thus 
loses 40 per cent of the 80 per cent of the water which it contains. 
The coagulated and drained product is then dried on hot cast-iron 
plates in a shelfjoven traversed by hot gases. This mode of operat- 
ing has nuftierous drawbacks ; odoriferous fumes are given off by 
the drying itself and bad-smelling fumes o\N^ng to the partial de- 
compositicm due to irregular heating of the nitrogenous matter. 
Attempts have been made to remedy this, it is true, by^ condensing 
t^e first and denaturing the second by hre. » 

Moreover, not only do the arrangemenPs necessary to secure a ^ 
satisfactory result require continuous simervision, but the manu- 
facturer does not in many cases a^jply ffiem, as they perceptibly 
increase the cost of the products without any marked advantage as 
- regards quality. The drying of blood id* Donard and Boulet's 
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machine — about to be described — prevents tbe disengagenopent of 
all odorife*rops products, and thus avoids costly gas condensation 
and denaturation processes. Before the application of the machine 
for thi^ particular purpose, it was already in use in distilleries to 
•dry dregs, and this use of if was described by the author as far back 
as 1892. The drying machine (Fig: 51) consists of a horizontal 
<jast-iron cylinder 2*5 m. diameter by 2 5 m. long — or in round 
■figures, 100 in. x 100 in., representing an interior volume of 12 cm. 
It rests on two bearings by hollow trunnions through which the 
hea#ng steam enters and the evaporation steam is ejected. The 
heating steam enters a circular vertical steam chamber which forms 
the left side of the cylinder. On this side are insei-ted a series of 
horizc^tafl tubes closed at the other extremity which form a heating 
surface of 59 square metres. The machine is fitted with the 
nece^#iary arrangements for running off condensed water. The^ 
(pivot placed at the other end of the cylinder communicates by a 
wide pipe with a double effect vacuum condensing pump into 
which the evaporation vapour passes. The cylinder is fed and 
ejiptied through two manholes. The charge of moist material — 
•containing 55 per cent of water — is 5^^ tons. It makes three revo- 
lutions a minute. 

Method of Worfciny . — The working is most simple. The 
machine is connected by a pipe with a tank containing the blood, 
'then by means of the vacuum pump the air in the cylinder is 
Tarefied so as to draw the blood in by suction. When 5-^ Ions have 
been fed into the machine, say an amount equal to the capacity 
•of the machine, the aspiration is discontinued and the mass is heated 
under a prJ^ssure of 1^ kilos whilst turning the cylinder. The blood 
is then perfectly coagulated under the influence of the heat without 
any part escaping the heating up. After one hour foi-ty minutes to 
one hour fifty minutes, coagulation is complete. The apparatus is 
emptied, the magma being run into cloths and pressed under a press 
mounted on a truck. Each press will take 1 ton to 22 cwt. of dried 
blood as it comes from the curing mac]iine. After a pressure of 
3 kg. per sq. cm. has been applied, 400 kg. (880 lb.) of cake wnth 50 
per dent of water are takep out ; 3^ tons of these cakes are used to 
feed another machine absolutely identical with the fii*st, but which 
this time acts the pajft of a drying machine. In a medium-sized 
factory a single machine may act both as curing ftnd dr^ir^^ machine. 

In factories with two machines the curer is modified by fitting 
two steam circulation tpipes perforated in the portion which dips ii^to 
the cylinder ; which are used to bubble in steam during the coagula- 
tion ; they have the advantage of preventing the other heating pipes 
from being left bare. « 

During the drying of the cakes a vacuum is not kept up, for the 
vacuum pump might dnvw over a portion of the extremely light 
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powder to^hich the blood is reduced by drying. During this*period 
the vapours escape through great wooden aspirators passing through 
the roof. As during the^ process there can be no alteration of the 
material, either by fermentation or by superheating, tl>e portion 
evaporated consists simply 'of pure water without trace of sn^ell. 

Drying lasts six to seven hours an'd induces the agglutination of 
certain portions into hard masses, and, to obtain an impalpable 
powder, the dried mass is pulverized in a Can-’s crusher completely 
enclosed in a wooden case which is in communication with an 
aspmtCor for the recovery of dust. 

The operations just described follow each other systematically. 
The fresh blood is converted in less than ten hours into a powder 
which is tagged up ready for immediate delivery. As will be seen 
later, 1000 litres (220 gallons or 1 ton) of blood from the Yillette 
slaughter-houses yields with these machines 210 kg., or in roun^ 
figures 4 cwt. of dried blood. As the result of several experiments 
made at the Aubervilliers factory, it was found that the coal used 
for all these conversions amounted to 0*833 lb. per lb. of dried blood. 
They calculate, however, that in actual practice 5 tons of coal sutnce 
to convert 28^ tons of liquid blood. The motor power is at a maxi- 
mum for three driers of 15 cubic metres each. The improve- 
ment in the yield due to these machines is considerable, as shown 
by the following experiment. After previously mixing 16 metric 
tons of blood, ^coagulated hy ferric sulphate, and containing 62 to 
65 per cent of water, was divided into two lots ; the first lot of 8 
tons, dried in a hot-air oven, yielded 2*555 metric tons, or a yield 
of 31*5 per cent. The lot of 8 tons, treated in a Donard machine, 
gave 3-i tons of dried blood, or a yield of 45 per cent. The percent- 
age of water in the dried blood obtained‘'by the two treatments W'as 
about equal, and amounted to 15 to 16 per cent. The difference of 
yield, 13*5 per cent, shows the loss the dried blood undergoes by 
overbeating in the hot-air oven alx)ve-mentioned. 

Meat Meal . — As far back as 1863 nianure was made at Auber- 
villiers (Seine) from dead animals or ^tnimals slaughtered in the 
department of the Seine and its Neighbouring departments. The 
fat Vfras first oxtiucted for,, the knackers and the rest was converted 
into manure. The flesh was cpoked by steam, then pressed to ex- 
tract the fat, dried, and ground. The bones were also boiled, then 
dried and crushed to a fine powder. Finally, Vith the gntrails, the 
boilings aiyi the residues of the organic matter, composts were made 
of low nitrogen conteqj). They were mixed wdth the residues frpm 
the manufacture of fat, ground mineral phosphates, lx)ne residues, 
fur, etc., were added, and the whole piled in a heap and drenched 
with blood and boilings. These substances, difficult to assimilate, 
especially with ground mineral phosphates, after an active and pro- 
longed fennentation, uftdergo a slow conversion w'hich renders them 
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assirmlablf . The composts mixed in different proportions with rich 
substances, d^’ied meat meal, dried blood or crushed bones, enable- 
manures of any strength to be prepared containing 1*5 to 2*5 per 
cent ofc nitrogen, and up to 25 per cent of phosphate. TJje mineral 
phosphates were coprolite^. From time to time the compost heap 
was watered with sulphuric acid to 'avoid loss of ammonia and to 
render the phosphates soluble. The manure most rich in nitrogen, 
so manufactured contained 12 per cent and a little phosphate. By 
mixing it with bone dust and alkaline salts, Dulac prepared a 
matnfte containing H percent of nitrogen, 12 per cent of phosphates,. 
15 per cent of potash salts, soda, magnesia, etc. This manure waa 
sold at 24 francs the 100 kg. (about ^10 a ton). The Aubervilliers- 
factoJiy continues to use meat waste for the manufacture of manures, 
but it has'considerably improved its processes, as will be seen. The 
bloodPin powder contains Fi percent of water and 13*2 of nitrogen 
it treats per month on an average 3500 casks of 185 litres (40*7 
gallons), yielding 155 metric tons of dried blood. 

Drying Blood by Lime. — Recently a simple process has been 
ipied to dry blood and to reduce it to a line powder. This pro&ss- 
consists in adding l^to 3 per cent of quicklime, which quickly 
converts it into a solid cake which may be dried in the air without 
putrefying, finally giving a fine and inodorous powder. This pro- 
cess has the advantage of being capable of application anywhere- 
without any plant ; moreover, it conserves 0*4 of nitrogen, which 
otherwise would be lost with the coagulation water. It may like- 
wise be applied in the country by farmers, who thus possess the 
means of manufacturing economically an excellent nitrogenous, 
manure. ' 

Boiling Meat. — Butchers' waste of All sorts, skinned animals- 
cut into pieces, are first boiled in lead-lined vats. The lid of the 
vat has in its fixed half a square opening to which a wooden sheath 
may be fitted, the other half, movable on hinges, is used to feed in 
the materials to be treated. Each vat is charged with — 

Meat, etc. . HOO kg. 

Water 150 „ 

Sulphuric a(h(l . » , 50 ,, 

The vat being chij^rged, the lid closed, and steam turned on, the- 
boiljpg lasts about twelve hours. The vertical wooden ^heaths on 
the top of the vat form a real draught chimney branching into two- 
large horizontal collectors which end in a masonry turret ; there 
the vapours from the boiling are constantly precipitated by the action 
of a fan. The tower contains a filter of coke, constantly moistened 
by a stream of water. ‘The s-spirated vapours are in great pai*t 
condensed owing to the freshness of this water ; they then pass with 
it into the drain. Af^r twelve hours the vats are opened, the 
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floating* fat removed, amounting to 10 to 20 per cent accordin*g to* 
the nature of the debris, then the bones and the flesh are, completely 
disintegrated. The liquoi-s from the boiling are drained through 
special pipqs into two large tanks. The tallow, as it comes fro?j:i the 
vats, is more or less coloured, according t<i the impurities contained 
in the raw material. Three classes are distinguished, white tallow, 
yellow tallow, and green tallow. The paler it is, the more it is 
valued by candle-makers and soap-makers. It is again l)oiled and 
skimmed in order to eliminate the impurities which accompany it. 
It is afterwards run into casks ready for delivery. After reml^^^g 
the tallow, that which remains in the lx>iler (disintegrated flesh, 
bones completely detached, the largest of which are removed) is put 
into a press which removes 15 per cent of water and is afibi-v'^irds 
dried. The Butchers Union of Paris, in its Aubervilliers factory, 
uses two systems of driers, one heated by miked fire, the othit by 
steam. In the steayn drier, Donard’s system (Fig. 51), drying lasts 
seven hours at the most. The naked fire drier resembles an 
enormous coffee roaster, fitted with an agitator ; it is driven by a 
centflal shaft; its furnace is arranged like that of a boiler; in this^ 
case drying lasts at least ten hours, the amount of coal consumed 
being enormous. Donard's dryer is much mqre economical and 
has the added advantage of yielding a!i absolutely inodorous pbvvder. 
The drying operation is complicated by the comparatively large 
quantity of fat which the meat and ix)neR retain aftei» boiling, and 
which has not risen to the surface with the tallow. This fat rendtSrs 
the substance to be dried tacky ; it is inflammable, especially when 
air is blown over it at a high temperature. The products coming 
from the dryer are brought on to a sorting sieve, which throws the 
bones on one side and delK'ers the finely powdered meat on the 
other side ; the latter is bagged up for deliveiy. By th(^ use of 
Donard’s dryer the whole of the opei ations can be done in 1 (*br than 
twenty-four hours, from the tim(i the meat enters th(^ factory 
until it is bagged up in the state of powder; 100 kg. of pressed 
material yield 33 kg, of drie^ matter ; 100 kg. of pressed material 
correspond to 140 kg. of original’ material. Meat meal is sold ac- 
cording to its percentage of nitrogen. Thi; following is an average 
analysis : — 


TAJ3LE lAXiV.—COMPOSITION OF MEAT MEAL. 


PfV* 

Water S 

Tallow ’ . . 3 * 

Nitrogen 4*0 

Phosphoric acid • . . .15 


The liquors from the boil 


ng are collected into two cisterns, where 


they are left to deposit for several days. -The muddy deposit, 

* . 1G 
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^om^what rich in organic matters, is raised by a ni07ite^us and 
poured ol^er a very large area with raised edges, to let it drain better, 
then mixed with meat from the lx)ilersor put directly into Donard’s 
dryei> At the Aubervflliers factory 805 tons of meat, etc., are 
treated per month, whiclvyields 15*8 per cent of tallow, *150 tons of 
dried meat, and 50 tons of bones. • 

M. A. Louis has organized at Caen an interesting application 
of Aime Girard’s process, for the destruction and disinfection of 
carcases and animal debris by means of sulphuric acid. Louis uses 
lilTferpise slaughter-house and butchers’ residues. In 1889, the first 
year of working, Louis made 483 tons of manure containing 16 to 
18 per cent of phosphoric acid, 2 per cent of nitrogen, and 5 per 
CenLof {)otash ; in J900 the jiroduction had risen to 930 tons. 

Louif^’ method of working consists in dissolving the animal 
tnatfvir in sulphuric acid, and saturating the pasty mass so obtained 
»by phosphate of lime in powder, which finally yields a nitrogenous 
phosphate. 

ComnLercial Mvul Meal . — The meat meal of commerce is a 
jnixture of meat meal and bone meal. It is made from the Waste 
from th(; manufacture of extract of meat in South Americii, also 
from the carcases of animals, knackers’ meat, by steam heating, 
drying'; and grinding. The greater part of the meat meal is 
marketed as Fray llentos guano ; it contains 6*5 to 7*5 per cent 
/litrogen and^lFll to 17T8 of phosphoric acid. Finally, meat meal 
is Vendered soluble by sulphuric acid. 

Horn. — Horn is met with under different forms in commerce. 
The horns of ruminants are generally very pure, and contain when 
dry and fvee. from bone 13 to 14 per cent of nitrogen. Whalebone 
wAste, when not in too small fragments, is almost equal in value. 
Horn and whalebone turnings and shavings are less esteemed, 
because they are generally mixed with wood shavings and other 
sweepings of the workshop. Their iiitrogen content rarely reaches 7 
to 8 per cent. Hoofs are richer in nitrogen than ground horn. They 
generally consist of pure horn ; on the other hand, they are often wet 
and soiled by excreta. Hair, woo!, wool rags, old felt, and feathers 
have the same value as horn. But great care, must be taken in 
buying, because it is ditficult to detect the impurities of all sorts 
which may be mixt^d therein. In the pure state they contain 11 
toH8 per cent of nitrogen ; as sometimes deHvered to^the factories 
they contain only 5 to 6 per cent. Wool dust, from the combing 
and spinning of wool, is not of a nature to inspire much confidence. 
It ranftly contains 6 per cent of nitrogen, often only 3 to 4 per cent of 
that element. To serve as manure all these materials must be 
reduced to a fine powder. IKit even when apparently diy* they are 
so tenacious that it is impossible to grind them. Wool dust itself 
jftlready in a fine powder cannot be ground finer. That is why they 
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are submitted to a special preparation, which consists in Roasting * 
them or in heating them in a closed vessel. To roast born, it is 
spread on a cast-iron plate or in a shallow pan, which is heated 
without interruption so as to avoid overheating and loss of nitrogen. 
The material assumes a dark colour, and w^en it is cool it is brittle 
and easy to crush. In the caSe of horn turnings, it suHices to 
heat them for some time on the roof of a dryer. The roasting may 
easily be done in a closed vessel into which superheated air or 
combustion gases are injected. Horn is steamed in a digester. A 



digester ^is sinfply a horizontal or vertical 1)oiler heated b) steam 
(Fig. 53). In Fig. 53, a is the steani pipe fitted with a valve h. 
On the top i^ a steam* escai^j valve e, safety vidve d, and a sho^t 
piece e intended for a steam gauge ; f/f/ is a double bottom of 
wrought-iron. The shape and the size of the .digester vary con- 
siderably, depending on the size of the factory. However, st is 
wellito keep to certain rules. Thus a wide somewhat low digestei 
may usually be run cheaper, and worlw more economically than a 
tall narrow one, because it condenses less steam on its surface. 

, > The digester being charged with horn through the manhole h 
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*i8 AoBed hermetically^ the steam valve h is opened and steam at 
t'wo to ilhi:;pe atmospheres pressure injected. It condenses at first 
until the whole mass is heated. The heating lasts two hours for horn 
in lasge pieces. When*the operation is finished the valv^ h is closed 
and the apparatus left c]^t)sed for some time, and finally the steam 
valve c is opened. When the pressure in the digester has fallen to 
almost the atmospheric pressure, the digester is emptied. To do 
this the liquor formed by the condensation of the steam is run off 
through /. It holds a little dissolved horn in solution ; then the 
l^«r manhole i is opened and the horn withdrawn. When pro- 
perly boiled, the horn is softened throughout, forming an elastic 
mass, like rubber. It is dried in a dryer, and then forms a black 
pliable Vitreous mass which is crushed in a bone crusher; that is 
the way* ground horn of commerce is obtained. In the pure state, 
it hlis a greenish or greyish-yellow colour, and contains 13 to 15 per 
cent of nitrogen. Other analogous materials are treated along with 
the horn. Horn shavings, wool waste, etc., occupy a great volume, 
and as it would require a very large-sized boiler to treat them apart, 
^they are mixed with horn to fill the empty spaces betweefi the 
larger pieces, at the risk even of slightly diminishing the percentage 
of nitrogen in the p^roduct. The condensed water (horn liquor) con- 
tains to 2 per cent of nitrogen ; it thus has a certain value, but as 
its treatment would be costly it is best to utilize it in the manufacture 
f of bone dusk Attempts were made to allow it to putrefy, and then 
dbtil it to recover the ammonia, but this method was soon abandoned. 
The steaming of horns has many drawbacks. It requires the ex- 
penditure of much fuel and labour, and a loss of nitrogen in the 
condensed water. Finally, the work injures the health of the 
\^orkmen. There is, in fact, disengaged from horn during the diges- 
tion a vei 7 volatile organic substance, which strongly attacks the 
mucous membranes, especially of the workmen engaged in emptying 
the digester and who consequently have to come in contact with 
the steamed horns, but up to the present nothing has been found to 
replace this method, because ground hprn rendered soluble by steam 
is of much greater agricultural value than raw horn. It has been 
seen that the horn dissplves partially in the water condensed from 
the steam, and that without destructive decomposition it thus proves 
that it passes to t^o soluble condition at least partially. Ground 
hpm thus rendered soluble possesses a greatr absorbeni. capacity for 
water, wjiilst ground raw horn repels water, and cannot be moistened, 
therefore as putrefaction requires the help of water, it follows^ that 
the soluble horn will decompose more easily, and produce a more 
rapid and fuller fertilising action than raw' horn. From the pre- 
ceding, it will be evident that the use as manures of pow'dered horn 
and wool dust which have not been treated by steam should be 
abandoned, for in the raw state these materials cannot be crushed 
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to the requisite degree of fineness for the rational application of 
concentrated chemical manures. • 

Leather Waste. — Tanners’ and curriers’ waste can be bought 
cheap whe^ they are unfit for glue manufacture; their niti^gen 
content is very variable, even when not ^affected by moisture or 
sand. Thus sole leather in the* pure state and perfectly dry often 
contains no more than 4 to 5 per cent of nitrogen. The cuttings and 
waste of new leather from saddlers’ and shoemakers’ shops have a 
higher value ; they contain 7 to 1 1 per cent of nitrogen, calculated 
on the diy material. Chemical manure manufacturers often freat 
them in the same way as horn, roasting or steaming in a closed 
vessel, and gi’indihg. The roasting of tanned leather renders it 
friable without perceptibly modifying its chemical properties. ^ St(^rn- 
ing under pressure dissolves it to a great extent. The leather liqiior 
is, sometimes so concentrated that it takes the form of gelatine, ilnd 
the amount of ground leather finally obtained scarcely amounts to 
half of that fed into the digester. This method, therefore, is not 
economical. Moreover, steamed leather has only a low value as a 
manffl-e, for the tannin in the tanned leather prevents the decom- 
position of the animal matter in the soil, and it is only partially 
destroyed by the heat. The powder obtained frpm roasted leather 
is even worse. It is true that the manufacturer again finds in it the 
greater part of the nitrogen contained in the raw material, which 
varies from 5 to 9 per cent. There has already been described, in 
discussing the preparation of bone dust, a ])rocess of preparing 
leather which is more advantageous both for the manufacturer and 
the farmer. Another method of treating woollen rags, leather waste, 
etc., was the subject of British patent No. 26,780 of Decehiber 22, 
1905. Raw materials, such as woollen rags or leather waste, 
previously moistened, if need be, are fed into a horizontal cylindrical 
receiver in which it is treated by sulphuric acid rvhich falls on them 
drop by drop, by means of a pipe running the length of the cylinder. 
At the same time a rotary motion is imparted to the cylinder whilst 
injecting hot gases from a fuyiace, then the materials are drenched 
with salt water, well mixing the whole, and continuing the heat. If 
leather waste Ixj the principal raw material, it is well to add fimfiy 
ground phosphate of lime to the acid ^^•ater. The vapours disengaged 
by the material are propelled by a pump into a itondensation tower 
lined with biicks^wheih they are washed by a jet of finely divided 
water. The non-condensed gases are directed into a filter bed ol 
mos^ litter, and from there escape into the a^piosphere ; the^final 
product is discharged into a pit and reduced to a fine powder.* By 
using 120° Tw. acid heated to 140° F., 4 c^t. of raw leather or 2 
<;wt. leather and 2 cwt. shoddy can be fvorked into each ton of com- 
pound manure and so well dissolved as not toJ)e seen when the den 
is opened without any special method. 
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^Comparative Value of Different Xitro(je7unis Manures,— ^eruvi^in 
guano is ^le most active of nitrogenized organic manures. Popp 
has examined the action of the nitrogen of organic manures com- 
pan4d with that of nitric nitrogen. In his experiments used every 
variety of oi ganic rnaniir#, dried hlood, horn dust, castor me#!, ground 
raw i)ones, fish guano, meal, meat rtieal, Bremen poudrette and wool 
dust. According to the agricultural experiments which he carried, 
out, he indicates the ratio which exists between the action of the 
different manures. The following are the approximate efficiency 
'v^lifjis of these manures, nitrate being taken as 100 ; — 

TAi^ljE*LXXV. -SHOWING AGHICUr/mUAL VALUE OE NITKOGENOUS 
• MANUUES (NITRATE 100). 


!)rie<l blood ........ 70 

Horn duHt ......... 70 

Fish Kuario 00 

Castor inoal ........ 00 

Meat Meal ......... (iO < 

lirriincn poudrette ....... oo 

Ground bones oo 

Krottnauer ojrganic manure ..... 45 

RIankenburg manure 40 

Distillery spent wash-salts , . . . . . 40 

Wool dust 25 

Concentrated cattle manure ..... 20 

Ground leather ........ 10 


The value of the dissolved organic manure is 23 per cent of that 
of the nitrate. Popp has, moreover, remarked that in every case 
tlie organic nitrogen is first convertecl into ammonia : he was not 
able to determine the effect of the lime.' Complete conversion of 
organic nitrogen into nitric acid did not occur in any case, in the 
most favourable instance on iOO parts of organic nitrogen, 72 parts 
were converted into nitric acid ; that is the case especially with 
dried blood. The nitrogen of horn dust was converted in the pro- 
portion of about 57 per cent, and the nitrogenized organic manure 
in the proportion of per cent. Horn dust thps acted more 
slowly than dried blood, and the nitrogenized organic manure about 
half as quickly. Heither in this case was the ehect of the lime iu 
the conversion observed. In conclusion, Popp has Calculated the 
value oh the nitrogenized organic manures compared with that of 
nitrate of soda, the. latter calculated at 35’25 francs, all expenses, 
included. He values I kg. of nitrogen in such organic manures, 
as follows ; — 
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TABLE* LXXVL— SHOWING COMVABATIVE AGRICri.TlHLU. MONFA^ 
VALUE OF NITROGENOUS MANUKE IN FRANCS IT.R Kir.O- 
GRAMME. 


«Dried blood \ . 

Horn dust . . • 

Fish jiinano 

Castor meal 

Meat Meal ........ 

Bremen poudrette 

Bone dust manure 

Krottnauer or^aiiic mu nun' 

Molasses salts ....... 

Di.S8olved nitroj^'enized organic manure . 

liUtzel f'uani^ 

Wool dust 

Concentrated cattle manure 

Ground leather 

Naturally these li^'ures do not hold lo-day. 


FiumcM 

1-4 

1-4 

1-2 

1-2 

]*2 

M 

1-1 


'■i 



CHAPTER XIV. 


• liECOVEKY 01’ NITROGEN FROM DISTILliERY SPENT WASH. 

MANUFACTURE OF CYANAMIDE AND OF NITRATE LIME. 

Uiilizaium of Spent Wasli. — General liemarks . — The question of 
the iltilization of distillery spent wash, looking to its great economi- 
cal ypportance, has engaged the attention of chemists for a long 
time. In grain distilleries the dregs are generally strained off and 
dried ; the spent wash which flows therefrom contains 80 to 100 
grms. of nitrogen per hectolitre ; and as 100 kg. of grain yield 
about 3 hectolitres of liquid, the loss of nitrogen is 1 to 1 ‘254 kg. 
^r hectolitre of alcohol manufactured, or 1 to IJ lb. per 10 gal. of 
100 per cent alcohol. In beet distilleries the loss in nitrogen is also 
very cansiderable ; the fermented wash issuing from the distilling 
column containing 100 to 160 grms. of nitrogen per hectolitre. 
Finally, the ^spent wash from the distillation of molasses and 
saccharine liquors contains 1’4 per cent of nitrogen and 9 per cent 
of salts. Now, if the spent wash be simply incinerated, to extract 
the salts from it according to a process already old, all the nitrogen, 
of which yie money value is greater than that of the potash, is lost. 
If in a molasses distillery there is a yield,of 9 per cent of salts, it will 
be seen that there is extracted from 1000 kg. (a metric ton) of 
molasses 90 kg. of salts, or 198 lb., containing 40 per cent of car- 
bonate, worth 38 centim(5S the degree, say 13*68 francs, or about 
lls., and that there is lost by ificineration all the nitrogen, of which 
75 per cent at least is recoverable, say 11 kg. (22 42 lb,), worth 1*50 
francs the degree, say 16*50 francs, or FSs. 2d. 

It will be seen, therefore, that the problem of the recover^' of 
nitrogen from these residues deserves the utmosf attention of dis- 
tillers. Different processes ha\i6 been proposed for the recovery of 
this nitrogen. Attcftnpts have been made \f> recover it by dry 
distfillation as ammoniacal salts or liquor ammonia. Tfiere is then 
obtained af complex liquid containing tars, methylamines, and other 
substapces difficult to remove. These processes have not been 
adopted in actual pmctice, which shows that the financial results 
did not conform with those wljich should be obtained to make them 
practically successful. Attempts were also made to prepare com- 
pound manures from spent wash bv adding precipitated phosphate 
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of and inert substances, generally lime, in comparativelj^large 
quantity up to 40 per cent. But the fertilizing elemtAits in the 
products so obtained are present in proportions but little acceptable 
to farmers, and the presence of inert matters rendered theii^ trans- 
port cl:|p.r|es heavy, , ^ 

The process devised by Winck to utilize the nitrogen of sj^nt 
wash as manure consists in concentrating the spent wash to 40 to 
42^^ B., then adding a quantity of sulphuric acid. This acid mixture 
is afterwards neutralized with carlonate of lime, and dried in stoves. 
The addition of acid and of carbonate facilitates the di'ying^ while 


the presence of sulphate of lime renders the mass 'more porous, 
•easier to deal with. The product obtained contains 3 to 5 per cent 
nitrogen and 12 to 14 per cent of potash. Riviere prapo^gs to 
separate potash from concentrated spent wash by hydrofluosilicic 
.■acid. The organic matter separated from these salts ciyi be 
evaporated in the same way as in the Vasseiix process descried 
below. Effront has likewise introduced a process for separating 
the organic nitrogen fiom the mineral substance. This piocess is 
ba»d on the observation that the nitrogenous matter of spent wash 
becomes insoluble when it is treated with acid at a temperature m 
about 200“' C. To the concentrated spent wash acid is added to 
decompose the organic salts ; the mixture bbing maintamed for 
•some hours in stoves at 190" C. A portion of the nitrogen is dis- 
engaged and is collected by a fan in the acid. The^ mass 
from the stove is crushed, then lixiviated with l^iling water, ilhe 
cooled liquid deixisits sulphate of potash. The insoluble residue is 
dried at 100° C, By this method a product containing 8 to J per 
cent of nitrogen and free from potash is obtained. • 

Recovery of Nitroyen hy VasHeinrH Process.— By this meUiod 
ivll the nitrogen freed from ‘the greater part of the potash is easily 
recovered, no noxious products being generated in the process, 
which is as follows ; The spent wash, previously conctmtrated to 
32" to 35° B is treated with suflicient sulphuric acid to convert the 
organic salts of potash into sulphates. The sulphate of potash 
formed crystallizes from thS mass ; it is separated by decantation, 
filtration, and ceqtrifuging. * This sulphate of potash is afterwards 
^va8hed and^gain centrifuged. It ia th.* 8u«.cK-ntly pure and .a 
sold as 75 to 80 per cent sulphatfe. The or^^anic matters ^hich 
form the drainitge i^e then dried in special vacuum machines; 
decompositton is avoided and from tht; distillate glycerine, tar, etc., 

may be collected. • • ^ . i ti- 

• When drying is complete the mass is fun into trucks. It is 

fluid when hot but soon cools into a mass which is “ 

crusher. An organic manure is thustobtaified containing G to 7 pel 
cent of nitrogen and 6 to 7 per cent of potaBh. Thm ^ 

entirely soluble in water, nitrifies very i-apidlj.)n the soil and suits all 
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5ropft. For every 1000 kg. (metric ton) of molasses treated #150 kg> 
of this mS,nure are recovered (in round numbers 3 cwts. manure per 
ton of molasses) : ~ 

f 

taiIle r.xxvii .— showing vaijip: and amount of manure 

FUOM 1 TON MOLASSES. 


1000 (1 ton) of iuoIhbhoh yield 

Fr. 

loO k^. (H «wtH.) of organic manure with 0 to 7 i)er cent nitro- 
^ gen and 0 to 7 per cent of potanh ...... DvOO 

7.4 to HO kg. (lO-'i to 170 lb., aay 1.4 cwt.) of sulphate of potash . 14-0 


Total dO-OO 

• 

whilst by* the old process only 90 kg. potash salts, worth 13 to 14 
fran(|H, were obtained. 

Labour is not heavier than at the potash furnaces and the 
work is less exhausting, but there is the extra expense in coal and in 
acid, which is valued at 5 francs (4s.) per metric ton of molasses. So 
that the net profit to be drawn fiorn the application of this pr^pess 
8ver and above the potash salts usually obtained is about 12 francs,, 
or in round figures 10s. 

If these figures lie applied to a factory working 20,000 tons of 
molasses, the value of the by-products obtained is 610,000 francs- 
^ij24,400), yielding a profit greater by 240,000 francs (£9600) than 
that obtained from the potash salts alone. These figures show 
very well the importances attached to the recovery of the nitrogen. 
Vasseux’s process is, moreover, worked in France and Spain, giving 
every satisfaction. 

wTreatment of the Spent Watih liioUufkal AtjentH . — Jean 
Etfront has studied a new method of treating spent wash by 
biological agents. The problem which he set himself was as 
follows : To find an active substance (enzyme) capable, in the con- 
ditions of actual practice, of converting the organic nitrogen of 
spent wash into ammoniacal nitrogen, the form under which it is 
most easily recovered. This substanefi', called amidase, exists in 
breviers’ yeast. In the alcoholic fermentation the amidase of yeast 
and foreign ferments alwliys accompanying industrial f 3 rmentation, 
does not exert any influence, ov'^ng to unfavourable conditions. It 
only reveals its presence when the yeast ^xist^i in an alkaline 
medium and in a non -vegetative condition. After nu4nerous but 
very simple experiments which demonstrated to him the presence 
of amidase in yeast • and its power of converting amides idto 
ammonia, Effront applied his discovery to the treatment of 
distillery spent wash. * This, produces very large quantities of 
ferment which is deposited at the bottom of, the vats ; these fer- 
ments separated fix)m Jhe fermented liquid before its distillation may 
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be us^ to treat spent wash. The method of working is as fcillows : 
The spent wash issuing from the distilling column i^ cooled to 
40^ to 45 C. (104° to 113° F.), rendereil alkaline by finie, soila, or 
salts. One or two kilogrammes of yeasts are addetl per li^ctolitrc 
and ayo^^ed to act for 3 or 4 days at ^0° to 45" 0. The conver- 
sion of amides being tinisheoVthe ammonia is separated by distilla- 
tion or by ventilation (Kestner nu‘thod). i5y tins latter method 
the consumption of coal is about 50 kg. (about 1 cwt.) per 100 
hectoliti’es (2200 gal.) treated. By tieating molass(*s spent wash, 
100 hectolitres (2200 gal.) yield" 40 to 45 kg. (88 to ll\) of 
nitrogen, representing a minimum value of 10 to 45 francs (32s. to 
36s.). In spent wash from beets 100 hectolitres (2200 gal.) yield 
10 to 15 kg. (22 to 33 lb.) of nitrogen, worth 10 to* 15 jrancs 
(8s. to 12s.). The expmise in fuel being I franc (Olid.), the profit 
is therefore phenomenal. . 

Treat huf SjwM In/ -Beer yeast is not the only 

biological agent capable of convm ting the nitrogen of spent wash into 
ammonia. Certain soil organisms lik(‘wise possess this ])ro}M‘i ty. By 
irfHoculating a solution of glutamine with garden soil, tlu‘ formation 
of ammonia can be demonstrated. bilTront, using })late cultmf^s, * 
has isolated three organisms which will acton tlu^ nitrogen of s])ent 
wash. One of them was recognized as tin* •butyric acid* ferment, 
and Fjffront has closely examined the conditions which favour its- 
ammoniacal functions. In practice the nu'thod, of using t^is 
ferment is analogous to that of tlu^ manufacturi^ of alcohok A 
yeast chamber and fermentation vats b(*ing (‘m]»loyed ; from the 
ferment there is pr(*pared a leaven (Mpial to 5 to 10 per cent of the 
total volume of the li(|uid to be fermented, and it is renewed every 
twenty-four hours as ii* distillery brewing. To strengdlu^n the 
ammoniacal action, recourse is madt; to aeration ; the licjuid should 
be rendered strongly alkaline, and the use of agglutinants, such as 
sulphate of alumina, which paralyses the developimmi of ferments 
and produces a change in the function of the cells, is Ixmeficial. 
In place of pure cultin'es, often far from convenient, garden soil 
which may be very well*tak(«i as the point of dejiartuj'e ol am- 
moniacal fermentation, may be substituted. Bllront recomiiiends 
to sterilizfc^this earth mixed witii the iflkaline spent wash for an 
hour at 70° to 80° C. (158° to *176° F.), this sterilization being 
sufficient to «foid *the formation of undesirable ferments without 
destroying those having an ammoniacal function. This soil culture 
in the spent wash may be us(id as leaven in J,he same ^ay as those 
made from pure cultures on condition that'it be renewed somewhat 
frequently. This process was experimented on at the distillery'of 
Quesnoy-sur-Deule, at the end of the sea’son 1907-H. With regard 
to the yield, the work leaves nothing to be desired, the amount of 
nitrogen extracted from the spent wash fyom the manufacture of 
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oAe hectolitre (22 gallons) of alcohol, being 12 kg. (26‘4 lb.) of 
sulphate of ammonia (or 1*2 lb. of sulphate of ammonia per gallon 
of alcohol). *In the course of the molasses season, 25 to 30 kg. (55 
to 66 lb.) of sulphate of Ammonia were' obtained per hectolitre of 
alcohol, and it has been /ound that, in the distilling cftuian an 
appreciable amount of glycerine easily recoverable is also separated. 
In treating spent wash by fermentation, almost all the organic 
matters, including the nitrogenous matter, are decomposed. The 
spent wash from 370 kg. (814 lb.) of molasses, the approximative 
quantiLy required to produce 1 hectolitre (22 gallons) of alcohol, 
yields besides ammonia about 35 kg. (77 lb.) of volatile fatty acids. 
The acids which pass over on distillation are white and free from 
impmjtieff. The distillery industry could furnish enormous 
quantities,* and it would be desirable for the trade to find new 
outlet# for them. 

The Mamifacture of Cyanamide and of Nitrate of Lime . — * 
Atmospheric air is an inexhaustible source of nitrogen. It is calcu- 
lated that the column of air which covers a hectare (2‘47 acres) of 
ground contains alx)ut 79,000,000 kg. of nitrogen (say 79,^0 
nitric tons, which is equal to 31,600,000 kg. per acre), equivalent 
to 500,000,000 kg. of nitrate of soda (say 500,000 metric tons per 
hectare ©r 200,000 tohs per acre). But nitrogen exists in the free 
state in the air, and to render it assimilable by plants, it is necessary’ 
tq convert it in^o appropriate compounds. We know that this con- 
version can be effected by certain bacteria of the soil (leguminous 
bacteria, etc.), likewise by certain phenomena which occur in nature, 
such as electrical discharges, especially lightning. But the amount 
of nitrogen^ brought into the soil in this way is far from being 
sufficient to cover the requirements of plants, and vigorous efforts 
are now being made to convert atmospherical nitrogen into com- 
pounds which are assimilable. Experiments made enable us to 
affirm that such is possible. But all the tentatives made in this 
direction show that the industrial fixing of atmospheric nitrogen 
requires the use of great quantities of electrical energy. There are 
at present two chief methods of manufacture : (1) the Frank and 
Caro.process, (2) the Birkeland and Eyde process., The first con- 
sists in combining atmospheric nitrogen in the dry stdte and de- 
prived of its oxygen \vith calcium^^carbide, obtained by fusion in the 
electrical furnace of equal amounts of coal and»limfc*^ The product 
so obtained is termed lime nitrogen or cyanamide or calcium 
(CaCNji), it Vs, howeve/’, more or less impure. The second procei^ 
consistscn oxidizing atrfiospheric nitrogen by electrical means, con- 
verting it into nitric acid, which is put into commerce as nitrate of 
lime with 13 per cent of nitiogen ; this is somewhat similar to 
nitrate of soda, and like the latter is easily assimilable by plants. 
The two products come, bn the market as more or less dark dirt^^ 
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grey powders, their content of nitrogen varying from 13 to 21 p4r 
cent. The following are the analyses given by Grand^if : — 

TABLE LXXVIIL— ANALYS^ OF CYANAMlt)E (LIME NITBOGJy ANI> 
^ * NITROGEN toE). (GR^NDEAU.) 

Liim nitrogen. Nitrogen I time. 

Nitrogen 20-21 20 

Calcium 40-42 45 

Carbon 17.18 10-5 

Chlorine — 

The only difference between the two products is that the nitrogen 
lime contains calcium chloride which is injurious to v^egetation. 
Calcium cyanamide decomposes in the soil, yielding amn\onirf** 
CaCN., + 3H,,0 = CaCO^ + 2NH., ^ 

Manufacture of Cyananiide. — “ Lime nitrogen ” is manufactured 
in Italy by the Societa generale per la Cianamide, the head office 
of which is in ftome in association with the Berlinei’ Zyanid 
G^llschaft. This company has acquired all the patents and pro- 
cesses relating to the manufacture of cyanamide of calcium and its 
derivatives. It afterwards assigned these patents for Italy and 
Austria-Hungary to the Societa italiana per la falnicazioni tli Pro- 
dotti azotati, which has installed at Piano d’Orte a factory capable 
of producing 10,000 tons a year. It has just accjuired at Almisga 
numerous waterfalls of a force of 50,000 H.P., which will enable it 
to manufacture 1,000,000 tons per annum. Manufacturing licences 
have been granted in France to the Soci6t6 fran(;aise des produits 
azotes at N.-D. of Brian^on ; to the Soci^t6 Suisse near Martigny, 
and to the North-Westen# Cyanamide Co, near Odde in Norway, 
the head office of which is in London. A factory using a fall of 
water of 40,000 H.P, is in construction in America, and two others 
respectively of 2000 and 10,000 H.P. are in construction in Germany. 
The manufacture of cyanamide according to the first of these pro- 
cesses has just been modifi|jd by Polzenius, who adds 10 per cent of 
calcium chloride to the calcium*carbide used so as to fix the nitrogen 
in the mixture tdi a much lower temperature [700'’ to HOO” C. (1292'* 
to 1472° F.^] than in the original ^rank and Caro process of 2000° 
C. (3632° i.). The product so obtained is called “ nitrogen lime*' 
in contradjsfcrtffction 40 the product “ lime nitrogen ” by the old pro- 
cess. But this distinction is one of pure form, for the two products 
lyive approximately the same composition. .The nitrogen in these 
products costs 1’4 francs the kg. (about 6d*. per lb.). Tht/ factory 
working this process is situated at Westerregeln in Germany, it 
is capable of producing 40(X) tons o^lime nitrogen per annum. 

In Gennany about 30,000 tons of cyanamide were produced in 

1913, and it was estimated that this would*d)e increased to 400,000 

* 
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tohfj ifi 1917. E. K. Scofct placed the capacity of works buiit an_ 
in course cA ^rection at 250,000 tons per annum. 

The mean composition of nitrolim is, f given by Dr. Russell as 
follow — ‘ /' 


f 

Calcium c anamide 

. ^..5 

Dicyanodiamide 

. 0-3 

Calcium oxide 

. 24 0 

I’ree carbon . 

. 12*0 

Calcium carbide 

. 0-2 

Uil 

. 3 0 

Moisture .... 

40 

Silica, iron and alumina, etc. 

. 3 0 


100*0 


Containing nitrogen 18-8 


Owing to the fact that the nitrolim forms an extremely fine 
powder which causes great inconvenience during application it is 
usually treated with water and dried to granulate it. The calcium 
carbide then forms free lime which acts on the cyanamide *;d 
pjlymerises it to dicyanodiamide (CLH^NJ, which is poisonous to 
plant life, therefore the less of this product there is present the 
better. « * 

The following table reproduced from the Journal of the Inter- 
niVtional Institute of Agriculture, May, 1919, shows the world’s pro- 
duction of calcium cyanamide in metric tons : — 


1918, 


{ Productive 
cfipjicity of 
works com- 
j)lcted or 
under con- 
struction. 


I Actual 
Produc- 
, tion. 


1917. 


1916. 




mCK I 1914. 1913. 


GeniVany . . i 

Austria-Hungary i 
Franet . . | 

Italy . 

NorwVy . ) 

Sweden . • j ; 

Switzerland 
Canada * . V 
Ignited States j 
Japan 

Total Production 


6(X),000 

30.000 
nOOilOO 

80^000 

200,000 

65 ,e 0 p 

58.000 
101,606 

1,4.34,606 


400,000 400,000 
' 24,000 *24,000 
100 , 000100 , 000 ' 
! l-'j.OOO 12,300 


|200, 000 200,000; 

40.000 40,000; 

68.000 58,000 58,000 


500,000 
24,000 
100,000' 
25,105, 
126,400 
\ 18, 000 
20,500 


i500,000 

24.000 

80.0001 

#25,20e 

25,000] 

16,363] 

12,600 

58,000 


50,0QP 50,802 83,462^ 30,278| 
1787,802 886,102; 814,476 771,483 


3(>,000 

2l;ooo 
7,500 
1 5,556 
14,S70: 
18,000' 
7,500| 

58,000 


24.000 
7,500 
7,500 

14,982 

22,110 

18,362 

7,500 

48.000 


1.1171, 7,000 


192,397(166,944 
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Mafinfacinre of XitrXte of Lime . — As just mentiontnl, thijfpr(J- 
<;ess consists in oxidizing atmospheric nitrofjen by elective means. 
In 1903, Prof. Birkeland \ Christiania observed that the electrical 
discharges from the alternating current, atf an average hmsiop, dis- 
persed in fne magnetic field, Xliich brought about the combustion of 
the nitrogen in the air. This j^'oeess has the advantage over similar 
ones of requiring a much lower electric tension, say 5000 volts in 
place of 15,000, and furnishes much higher yields of nitric acid. 
The air is burnt in an electrical oven having the form of a drum. 
This furnace was modified and im})roved by Samuel lOydy. In 
this drum the air is submitted to a iemperaturt' of 3000 (’. By 
rapid cooling the nitrous oxide (NO) formed in the <‘lectric flame 
is retained almost entirely, whilst in former process(‘s It in 
great part lost. The nitrous oxide issuing from the furiuice at a 
^mperature of 000'’ to 700' (1112 to 1292’ F.) combines^' with 

the oxygen to form nitric oxide, NO.^, which is passed through a 
series of towers. It finally yields nitric acid of 50 p(‘r cent strt'iigth, 
which is saturated \^^ith lime. The mass is then heated to 450' (’. 
<84ir F.), which is its melting-point, and is then poured into cast- 
iron cylinders, where it solidifies slowly. In the beginning, crystal- 
lized nitrate of lime was manufactured which was dillicult to use 
owing to its hygrosco])ic properties. This ])roduct melted h(*tween 
the fingers and could thus only b(i used mixed with peat dust. For 
this reason attem])ts were made* to ])roduc(; basic nitrati* of lime*; 
but this product contains only 11 '7 j)er cent of nitrogem, which 
rendei’ed the fi'eight charges lieavy, and fornu'd an obstach; to its 
■sale. Lately, the ])artialiy dehydrated salt tested 13 p(*r cent of 
nitrogen. The first manufactory of any inqortance of tlHs ])ioduct 
was built at Notodden in Nt)rway. Tin? ex})erienc(5 acquired in uhat 
Hactory has induced the management of the company to increase 
the plant, to produce 8000 to 10,000 tons per annum. This factory 
is maintained by the Badische Anilin und So<lafahrik. The unit of 
nitrogen in nitrate of linn? is sold at tlu* same* rate as tlu; nitrogen 
in nitrate of soda. 

Production of Xitrates i)ire(*l from the Air. When an electric 
spark is passed through air a small (juantity of niti ic oxidt? is |)ro- 
duced, whi(^h on oxidizing furthei^ gives rise to the formation of 
nitrous fumes which may be detected by their qdour or by means of 
test papers^ ^^s reliction is the basis of the production of niti;;jites 
from the atmosphere, but unfortunately a large amount of energy 
is Required to bring about the reaction, and in any undertaking on a 
■commercial scale, cheap power is an absolute necessity in order to 
compete with the natural nitrate in regard to price. Hence it is that! 
the process has been developed only m those countries where water 
power is plentiful and little or no restrictions are placed upon its 
utilization- Norway especially, but also Gormany and the United 
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^ates are csountries in which nitrates areroroduced by this Ineans^ 
but, althoSgb much research has been cf/rried on in this direction 
in England during the war, it does not /ieem possible with fuel at 
the pfisent price and such little water.^wer as we posses to conCii 
pete with countries such m the aboveAvhich are so well endowed. - 
The different electrical furnaces used for the production of 
nitrates from the air and also the general methods of operation have 
been fully described by K. Kilburn Scott ^ from whose paper the 
following details are taken. 

BiPkeland-Eyde Furnace . — The Birkeland-Eyde furnace is in 
operation in Norway where there are thirty-two of 600 to 1000* 
kilowatt capacity at Nottoden and eight of 3500 kilowatts at 
Saalirm,*^ The furnace is constructed of steel castings with brick- 
work between, forming a cylindrical chamber with a central cavity 
in thfc form of a disc. The air is forced through a pipe in the, 
lower part of the furnace and enters into the inner chamber- 
through a number of pfirforations through which it passes radially 
and, emerging into a circular channel just within the periphery 
the furnace, it flows to the outlet pipe, through which it i^re- 
moved. 

Electrodes connepted to an electrical generating plant are fixed 
in the furnace, and, the magnetic field being at right angles to* 
these, the action of the alternating currents which flow through 
tiiem is to d^ect the arcs outwards into the reaction chamber. 
Ea& electrode becomes alternately positive and negative, hence 
the flames pass so rapidly from one side to another that the whole 
chamber appears to be filled with a continuous mass of flame. 
This sheet* of flame in the 1000 kilowatt furnaces is about 6.! ft^ 
diafneter, and in the 3500 kilowatt furfiaces it is 8 ft. in diameter. 

ScJionherr-Hessberifer Furnace . — At the Christiansund works* 
of the Badische Anilin und Soda Fabrik there are twelve furnaces* 
of this type, each of 450 kilowatts, and at the Saaheim works- 
ninety-six of 1000 kilowatt power. 

In this form of furnace there are fo^r annular steel tubes set in 
the vertical position, the outer tube, about 3 feet in diameter, is* 
constructed of steel platens riveted together and in lined with fire- 
brick. The inner tube, about inches diameter, is the reaction 
chamber. In this ist fitted a whirling electrode which forms a long, 
arc rflame up the centre of the chamber ; <^e air Tscintroduced 
through a, series of tangentially arranged tubes so that it has a 
whirling motion impuyted to it which materially helps in keeping: 
the ar8 flame in the centre of the tube. The electrode at the 
tx>ttom of the furnace if formed of an iron rod which is insulated 
from the furnace and is kept Cold by a water-cooled copper gland. 
It is pushed up from , below as it burns away and is lengthened! 

^E. Kilburn Soott, " Journ. Soc. Chem. Indt.^” p. 118. 
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^hen r^uired by screwirt on fresh rods below without interfcsiiig* 
with the working of thelfurnace. The upper electrotlj is also 
cooled by means of water.V The furnace is about 40 ftf. high, the 
flame in the 450 kilowatt amniace being 45 ft. long, and i^ the 
1000 kilowttt furnace it is 20\. long. 

'PauMitg Funuice. — The Pacing furnace is in operation in the 
nitric acid works at Gelsenkirchen, Innsbruck. Milan, Roche de 
'Jlame, France, and also in South Carolina, U.S.A. 

It is fitted with two electrodes which are made to diverge so as tO' 

' form a fan-shaped space between into which a blast of air is bjpwu, 
thus filling the space with fiaine. In working this furnace it is first 
necessary to set the electrodes in such a position that with the 
voltage available the flame easily passes between; the cui're^^^f 
air blovrir in then carries the flame upwards. The electro(les ai e 
of cast steel piping, each ht‘ing built up of three pieces, so ^hat 
when the upper one burns out the electrode can be rev(u*sed and 
the new one brought into operatioti. Along each electrod(i is run 
a thin copper blade for kindling purposes, tliis being set on (‘dge 
$0 aiato interfere as little as possible with tht^ blast of air. These 
copper blades are brought within about .‘1 mm. of each other and* 
are fed forward as they burn away. At tMich cycle of tlu? al- 
ternating cuirent a flame is struck which is 1 ) 10 ^ 1 ) upwards d)y the 
blast of air and then goes out, to be immediately followed by 
another. Part of the air is prelieated and passes up, through the. 
bottom of the furnace, the oth(‘r part is blown on to the top of the 
flame to facilitate cooling ; the latter being mixed with some of the 
air and nitrous gas which has already l)een through the furnace 
and has been s*u])iected to cooling. A s(‘parate Pauling fiurnace is 
attached to each phase and, each furnace has two electrodes con- 
nected in series, there is also a chimney at th(‘ top for removal of 
the gases. 

The three furnaces described are all single-phase furnaces, as. 
distinct from the following, which is a three-phase furnace, and 
much more economical in its consumption of (electrical eneig} . 

Kilburn-Scott a three-phase type of furnac(‘, 

being conical in shape and fittted with three electrodes of stgel 
. which are mounted in such a way ohat tlfty can he swung out of 
the furnace when recjuired for repffii's or othe^ juiqmses and ciaii 
be brought bijifj]' into, position easily and (juickly. burmountmg 
the furnace* and cari’ied on cast-iron columns, is a water-ti^ 
boiler which not only serves to utilize the wask^heat for generating 
sterfm but at the same time cools the gases *^,8 they emerg(i» from 
the furnace and thus prevents undue dissociation. 

The three-phase system results m th(? formation of a flame 
roughly in the shape of an inverted cone. The air is hbwn into 
this flame by means of an electric fan and gases which pass 

1Q 
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•through are removed by a pipe* near tni top of the furnace. Th^ 
efficiend^ of the furnace is increasedyoy enriching the air with 
added oxygen, the best results being obtained when the proportion 
of caygen to nitrogen is in the ratio 1. 

Passing from the furjiace the g^s, now containin^nijric oxide 
equal to ai>out 2 per cent of nitric ^cid, are first partially cooled by 
traversing a nest of aluminium tubes and from these they go to 
the preheater where the residual heat is utilized for heating up 
the air passing to the furnace. Next the gases pass up a large 
circi^ar tower constructed of steel plates lined with acid-proof 
brick, and in the time required in traversing this the nitric oxide 
is further oxidized to peroxide. An exhaust fan removes the gases 
the tower and transfers them to the lx)ttom of the first of the 
four corfdensing towers. Each of these towers is filled with acid- 
pra^^f material laid in such a way as to break up the flow of gas 
:a8 much as possible and thus bring it into very intimate contact 
with the condensing liquid, which is allowed to flow down it from 
a tank above. Pure water passes down No.<4 tower in the series, 
the liquor from this being pumped to the top of No. 3, and il-ence 
through No. 2 to No. 1. The counter current of gases thus meets 
a fairly strong solution of nitric acid while the weakest gas is 
subjected to the aCcion of pure water. Acid of any strength up to 
50 per cent can thus he produced at one operation. An appreciable 
, proportion ( 4 ip to as much as 20 pei- cent of the total), however, 
escapes solution in the water, even under the most favourable con- 
ditions, hut this is not allowed to go to waste, since the gases are 
finally passed through a solution of sodium carlx)nate or milk of 
lime by v;hich it forms mixtures of nitrate and niti ite or into caustic 
seda solution for the ])roduction of nityite. 

One important point in connection with the formation of nitrate 
or nitrite, is that without any chemical treatment the product 
can be obtained in an almost absolute state of purity. 

The acid of 50 per cent strength from the condensation towers 
can readily be concentrated to a strength of 66 per cent by 
heat alone, or it can also be further concentrated to even 98 per 
cent by well-known methods such as that of H. Pauling, but for 
ordinary purposes, such as the production of nitratvs, no further • 
treatment is requ^ed than tlie saturation of the acid with a base 
a^d the evaporation of the liquid to crystr.llizi«gv.pgint. In this 
way sodium nitrate is obtained in Norway of such a high degree 
of purity that it cjjm compete with Chilian nitrate. Ammonium 
nitrate could be made very readily if the process could be worked 
in this country, as we have an abundant supply of ammonia. 

The installations working the Birkeland-Eyde process were 
stated in 1912 to have a capacity of 200,000 horse-power, while 
those under construction would add another 300,000 horse-power by 
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1916. tOf course, great advantage is gained by employing 

power ; the capital charts are gieatef than when steai#power is 
used but the cost is sub^uently very low, being in Norway less 
than £1 per horse-power yeiVr. 

Witt i^gard to the efliciei^>y of the di jerent electrical processes 
for the direct conversion of n'ibrogen to nitiutes Dr. Kyde stated 
that at the Notodden factory, the output per kilowatt year is 853 to 
938 kilogmms (1870 to 2000 lb.) of nitrate of lime containing 13 per 
cent of nitrate, equivalent to 500 to 550 kilograms of pure nitric 
acid (1100 to 1200 lb.), but that as high as 900 kilc^mins 
(1980 lb.) of the latter had been attained. It has also been stated 
that the production at this factory per annum is 20,000 tons of 
nitrate of lime, 4000 tons of sodium nitrate, and 4000 toifti qf^ftn- 
monium nitrate. As this factory is supplied with curreTit from a 
power house containing four turbo genemtors, each of 10,000 k)i*se- 
power, equivalent to 30,000 kilowatts, the yield amounts to 1478 lb. 
of nitrate of lime, 298 lb. of nitrate of soda, and 298 lb. of nitrate of 
ammonia per kilowiftt year. 

•Hr. Pauling guarantees with his furnace a pi'oduction of GO 
grms. of nitric acid per kilowatt hour of electi ical energy nieasureif 
on the switchl)oard of the works, which means 525 kilogi'ams 
(1157 lb.) per kilowatt year. * • 

Therefore, although tlie single phase processes at piv'sent in use 
do not yield anywhere near tiie theoretical amount nitric acid^ 
it is possible to produce practically half a ton of 90 per cent atsid 
per kilowatt year. 

Maxted has made a comparison of the different methods for the 
Gxation of nitrogen by calculating tlie total energy requited in the 
processes to electrical energiS'. • 

By the arc process one kilowatt year of power will yield about 
600 kilos of nitric acid or 130 kilos of fixed nitrogen. 

By the carbide-cyanamide process about 2 kilowatt years, 
and in addition 3 to 3| tons of coal or other fuel (or a total power 
equal to 2‘6 kilowatt years^ is required to produce 1 ton of fixed 
nitrogen. Therefore 1 kilowatt year will fix 380 kilos of nitrogen. 

In the direct, synthesis of ammonia to 7 tons of coal and 
coke are re(fiired in the generatioi^ of hydrogen and for the pro- 
duction of power required to fix one ton of n^rogen as ammonia. 
Converting^Kift ifi te^s of electric energy 1*2 kilowatt years^are 
required to fix one ton of nitrogen, or one kilowatt year will fix 
abput 830 kilos of nitrogen. • 

Agricultural Experivients with Cyatmtnide . — Calcium <cyana- 
mide has of late years been the subject of numerous agi'iculturaf 
experiments by P. Strohmer, 0. Bottkiher, Otto A. Stutzer and E. 
Wein. , 

_It must be observed that in general calcium cyanamide neither 
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*suits peaty or humic acid soils nor light ^ndy soils. On the other 
hand, it fti^y be used in all loamy soils A average fertility. Owing 
to the formation of dicyanamide, this ^nure ought to be spread at 
leasfkeight days before sowing and co^red in afterwardg in not too 
superficial a manner. SThe actioniof cyanamide is weaker than 
nitrate of soda, it is also slower them the latter. But as the unit of 
nitrogen is supplied cheaper by the new manure a greater amount 
can be used to restore the balance. Without doubt cyanamide de- 
serves attention. According to the experiments of Remy, this 
manire succeeds very well on clay soils, less so in sandy soils. F. 
Loehnis has observed that the conversion of cyanamide into 
ammonia in the soil is effected by bacteria, for example, by the B. 
itS^therium^ the mycoid, and other species in part new. We know 
that the conversion of ammonia into nitrate is likewise effected by 
bacftria, and according to the researches of G. Muntz and E. 
Laine, peat is an excellent means for bringing nitrifying bacteria to 
very gi’eat activity. For this purpose the peat is moistened with a 
solution of an ammoniacal salt after it has beerf'mixed with lime to fix 
the nitric acid formed. From very detailed comparative experffnents 
by P. Wagner, B. Dorsch, S. Mals and M. Popp, “ Land Versucht,'* 
1907 ^ol. LXVI, p. 285), with cyanamide and various nitrogenous 
manures, it follows that : — 

1. Suljjhate of Ammonia and Nitrate of Ammonia have not shown 
great differehces in their mode of action. 

2. Carbo'nate of Ammoriia produced in loamy soils exactly the 
same results as sulphate and nitrate of ammonia. In sandy soils 
it did not act normally on the culture in pots except in a dose of 
0:75 grm‘. applied once ; stronger doses were injurious. 

3. Nitrate of Lime acts normally* up to the second dose (1*5 

grms.) in loamy soil and up to the third dose in sandy soil 
(2*25 grms.). But from that moment there is an injurious action, 
especially in loamy soils. The high percentage of basic nitrate of 
lime and the still higher percentage of nitrate of lime produce in- 
jurious effects. c 

4. Cyanamide in a dose of 0*75 grm. once applied has given 
a favourable result in pots, although a little less than other nitro- 
genous manures of equal dose* 

5. Fish produced an average useful effect of 78, the 

action of nitrate of ammonia and of sulphate or*an?>monia being 
supposed* to equal 100. 

6. Green Manure^ have produced on sandy ground the same 
usefuY effect as fish guano does in loamy soils ; they were, however, 
slightly less effective. , 

7. Nitrate of Soda^ Chi^ Saltpetre, and Sulphate of Ammonia 
have regularly produced higher yields and a better utilization of the 
nitrogen than cyanailiide. 
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Theigeneral result of ,»11 these agricultural teperiments is* ttia 
following ; — y , ^ 

If the value of nitric nitrogen be expressed by lOO* the value 
of the nitrogen in cyanamide is represemted by 90. The dime 
nitrogen a<fts a little more feeoly when its decomposition in the soil 
gives rise to the formation of dj.'jj’anamide* resulting from the action 
of carbonic acid, humic acid, heat, and the absence of bacteria. The 
factors which favour the action of cyanamide are uniform distribu- 
tion (fifteen days before the time of sowing), perfect mixing of 
the manure with the soil, sufficient moisture to the soil, a loamy 
soil rich in bacteria, spreading at the latest on 15th February for 
winter plants.^ 

Bnles for the use of C yauamide.—lmmmdori has dwiwi^p 
the following rules for the use of cyanamide : — • * 

1. Cyanamide does no suit humic acid soils, in which its nation 
is uncertain and where it may poison plants. 

2. For the same reason its use is not recommended in light 
sandy, somewhat toupid soils, especially those with an acid reaction. 

All other soils, especially loose friable soils, w’hich contain 
enough lime and are regularly manured with farmyard dung, majf 
be manured wdth cyanamide. 

This new manure may be successfully applied, bearing m mind 
the following directions : — 

(a) The dose to use per hectare should l)e from y>0 to 300 kg. 
(330 to 660 lb., or 132 to 264 lb. per acre), equal to 30 to 60 kg.* 
(66 to 132 lb.) of nitrogen per hectare (or 26*5 to 53 8 lb. jxir acre), 
according to the fertility of the soil. 

(h) As the cyanamide gives off an enormous amount of dust, 
which is possibly the most unpleasant defect of this manure, j.he 
best thing to do, if a manure distributer be not available, is to mix 
it intimately with double its weight of not too moist soil and to 
spread it immediately. 

(c) The spreading of the manure ought to be done eight to 
fifteen days before sow'ing, according to Fmnk. However, when 
this manure is applied to suitable soils, this delay is not to be 
insisted on (unle^ in case of too great drought) ; if it be spi^ad 
three to fouf days before sowing and suitably covered in, cyanamide 
completely loses its properties injuTious to th^ germination of the 
seed. ^ • 

{d) It is essential to mix the manure with the surface layA of 
sojj immediately after distribution, covering it^in with Che plough. 
C&re should be taken not to spread the cAanure so long^as the 
surface of the soil is humid and veiy hot. 

• 

^ For a comparison of the manurial values of cyanamide see also .T. Hendrick, 
Jour. Soo. Chem. Indt.,” 11111, p. 522. 
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• (t) In no case should cyanamide be used as a top-dressing, 

at least imtil after the crop* has been r^oved, for in that case it 
would be niore injurious than useful. 

I^awbacks in the Use of Nitrate, Lime. — A. Pitzewitz has 
communicated to the German Agricultural Society th^ r^ults of 
experiments which he made with nitrate of lime as a manure. 

‘‘I used,” he says, “in the spring of this year large quantities 
of nitrate of lime as much on grain crops as on beets, and I can say 
that from the point of view of the results, nitrate of lime has not 
showft itself inferior to nitrate of soda. 

“ Nevertheless, I will take care not to use it again, for the 
following reasons : — 

^•4* ^^tored for a long time in casks nitrate of lime suffers con- 
siderable ioss in weight. Having left the casks from January in 
dry if/arehouses, I found at the time of spreading in April-May, 
1898, an average loss by volatilization of 20 to 25 lb. per cask. 

“2. It is very difficult to regulate its distribution by the drill. 
Nitrate of lime, moreover, has the grave drawback of enveloping 
the persons about or following the machine, as well as the hors^ 5 ^ in 
5, layer of tacky dust, so that labourers refuse to apply it. It is there- 
fore for that reason that it is impossible to spread nitrate of lime by 
hand, ftr the hands'would be injured, and the wind projecting the 
nitrate of lime about the body would endanger the eyesight. It is 
therefore neoessary (1) to find a manure distributer which will 
obf iate these drawbacks ; (2) to improve the conditions of preserv- 
ing the product during storage.” 

To obviate the deliquescent properties of nitrate of lime, it is 
mixed with equivalent (juantities of alkaline sulphates, sulphate of 
potcish or magnesia, or calcined kieserite. The product so formed 
is not more deliquescent than nitrate of soda, and forms a dry 
powder. 



CHAPTKH XV. 

NITROGENIZEI) HIOSI'HATIC MANURES. 

Concentrated nianures containin'^ hoth nitro^^ni and phosplioric 
acid in important (piantities are only represcmtt'd on the market 
under well-deterrninod forms. Such manures have j)layt<tl i^^*v 
important role in tlie liistory of agriculture. They were the'starting- 
point of chemical manures, and it is through them that we#lirst 
learned to fertilize the soil and to increase the vegetahle production, 
otherwise than by farmyard inanun*. It was only afUM wards that 
agriculture came to flie large seiies of phosphates, potash salts and 
nitrogenous matter which have to-day h(‘coin(‘ th(‘ iiidis])ensahle 
factors of all rural exploitation. These manures ar(( Peruvian guaiu? 
and bones, to which were added gradually the difTerent manures 
compounded from waste of animal origin described in the ])itceding 
chapters, 

Peruvian Chiano. Its ('(nnjxtsition. Inkv plitf)spho-guanofi 
already described, Peruvian guano is t'ssentially a product of the 
decomposition of the excrements of sea-fowl. It has an analogous 
origin, hut is formed in a different manner; whilst Paker guano 
contains scarcely 1 y)er cent of nitrog<‘n with about 80 ]«*r cent of 
phosphate of lime, Ik'ruviati guano has preserved almost integrtlly 
throughout centuries the nitrog^mized organic matter, owing to the 
climatic conditions which pnwail in the countries where such 
deposits are found. Birds’ excrement (pigeons’ and hens’ dung) has 
been known for a long time to be a valuabh* manure ; it is dis- 
tinguished by great richnef^ i»i nitrogen, contrary to what occurs 
in the case of mammals.’ Bui the excrements of birds of prey 
(carnivoruc) are particidarly rich in nity)gen, and the. sea-birds 
which produce guano fall exactly ii^to this category ; in fact, whilst 
the dried mixture of the solid and liquid evacus^ions of man contain 
on an avettfg'e per cent of nitrogen and 8'HH per cei^ of 

phosphoric acid, the dried dung of the eagle contains lj/5‘7 to o7’7 
ofmitrogen and 0 32 to 3 99 of phoshoric acid, whilst tfie urine of 
these birds, instead of Inking licpiid like that*of mammals, k thick, 
and thus does not penetrate into the soil but remains in the guano! 

The deposits of nitrogenized gua!io extend over a vast surface 
of the West Coast of South America, the yuality always varying 
ac^rding to situation of the dilhjrent* deposits. The most 
(295) 
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« 8 te 0 med kind was that formerly collected on the Chincha Isles, 
well known to the ancient Peruvians, whp came there to search for 
manure to fertilize their wheat and potato fields. But these islands 
are n^ completely exhausted, as well as those of Ballestas, Guanape, 
and Macabi. It is, therefore, unnecessary to describe th^* How- 
ever, we cannot help quoting the analyses of the samples of guano 
brought from these islands by Alexander von Humboldt in 1804, and 
of some others, because they correspond closely with the guanos 
now imported from these countries (see p. 291). The following are 
some^f the distinctive characters of Peruvian guano, according to 
J. Girardin : — 

It is a dry powder of a pale yellow or cafe au lait colour, but it 
be«%me8 ^chocolate coloured as it ages or when it is exposed to the 
air absorbs, moreover, in the latter case much moisture, becomes 
heavi(pr and adheres to the fingers. It exhales a strong putrid or 
ammoniacal odour which induces sneezing. It has a very sharp 
!salt taste. It shows in bulk numerous whitish semi-hard concre- 
tions which can l)e crushed between the fingers, and which when 
exposed to the air soon slake and fall to dust, exhaling a very sft^ng 
immoniacal odour. Thrown into water, Peruvian guano soon sinks 
to the bottom, without anything rising ; when heated it blackens, 
burning' with a feeblh flame with production of a strong ammoniacal 
vapour ; the residue which it leaves is in the form of a white or 
^lightly bluish porous slag ; the weight of this residue varies only 
between very near limits, 27’5 to 36 per cent. 

Triturated with powdered quicklime, Peruvian guano immedi- 
ately gives off a strong ammoniacal odour. When thrown into a glass 
containing a concentrated solution of chloride of lime, it soon gives 
rise^to disengagement of bubbles of gas *\'hich continue for a some- 
what long period. In contact with hydrochloric acid it produces 
only a slight effervescence ; moistened with nitric acid and dried 
in a porcelain capsule, it assumes a fine red colour. Finally, this 
guano only rarely contains silicious pebbles, and it contains only 1 
to 1‘6 per cent of sand ; the maximum J)eing 2*5 to 3 per cent. 

In this same report Girardin gives the analyses of thirteen samples 
taken by himself from the bulk on board ship on their arrival in 
Havre. This document fs so interesting that it will 'be useful to 
reproduce it here, '^’he guanos ’delivered afterwards were less rich 
in njtrogen but richer in phosphoric acid than those- jvhich gave 
the old analyses. That is not surprising, as each new sample 
yields different resultg ; for, on the one hand, the workmen entrusted 
with ooUeoting it are n*ot sufficiently careful, on the other hand, the 
deposits are continually altering under the influence of moisture, 
however small the rainfall in* these countries. But the chemical 
transformation of the guano is not the same in every part of a de- 
posit. 
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• TABLE LXXIX.— ANALYSES OF PERUVIAN GUANO. 

- I 

According to 



V^auquplin. 

and 

Foururoy. 
Per cent. 

' Klaproth, 
j Per cent, i 

IPO 


10-t) 


7-0 

12*75 i 

tPO 

2-6 

• 

i* 1 

0'|> 

3-8 j 

i 1 


0*50 ! 

4-2 

— i 

14-8 

10*00 j 

4-7 

82*00 

H2‘H 

28*75 ^ 

100*00 1 

100*00 j 


TABLE LXXX.— ANALYSES OF PERUVIAN OU^NO. 


1 

Dark Yellow 

Guano from 

lama 

1 

Guano 

Liverpool 

1 (tuauo 

1 

(Oellachor). 

1 (Bartel). 

1 (Voclcker). 

• 

Urate of ammonia . , . j 

12*20 

3*444 

1*0* 

Oxalate of ammonia . . . ; 

17*78 

13 .851 

10*6 

M M lime . . . .1 

1*70 

16*360 

7*0 

Phosphate of ammonia . 

Double phosphate of ammonia and 

6*00 

6*250 

GO 

magnesia 

11*03 

4*196 

2*6 

Sulphate of potash . . • . 

4*00 

4*227 

5*5 

1 . „ soda . . , • 

4*02 

1*119 

3*8 

Common salt t . . . 

0*40- 

0*100 


Ammonium Chloride . 

- 2*25 

6*500 1 

4*2 ’ 

Phosphate of lime 

20*16 

. 9*940 

14*3 

Carbonate of^tnnv>nia* 

0*80 

■ 



Humate of Ammonia • 

1*06 

j 


Phosphate of soda 



5*291 , 

> 

Carbonate of lime 

1*65 

• 0*600 1 



Waxy matter .... 

0*75 

5*904 ' 

• — 

Sand and clay .... 

1*681 



Water 

^•31 } • 

22*718 ; 

4 *7 

Organic matter and undetermined 

8*26 j 


32*8 


99*40 

100*000 

92*0 
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Thus* leaving out of account the superficial lamellar layer •which 
obviously %(jntain8 the mostf recently formed guano, a layer the 
stratifications of which may be compared to the annual rings formed 
in the4runk of a tree, thred superimposed layers may be distinguished 
in the deposit — the superficial brown layer, the middle yeflo^* layer, 
and the lower brown layer. The# richest guano is that of the- 
middle layer. That of the upper and lower beds being the poorest. 
This fact is easily explained by considering the incessant phenomena 
incidental to the formation of these kinds of deposits. 


3LE LXXXI.— ANALYSES OF PERUVIAN GUANO. 



1 1 

i 

3 


6 1 

(5 i 



Water . 

HdlOO 1 

20*054 

17*100 

20*300 

1 

11*100 i 

17*520 

Sand and pebbleH . 

1-2000 ; 

1*250 

1*000 

1*190 

10*400 ' 

15*400 

Phosphate of lime . 

24*000 

24*000 

24*500 

28*000 

25*500 j 

37*000 

Other insoluble salts 

2*0000 1 

3*000 

0*500 

2*700 

20*700 i 

11^38 

Potash , 

0*0048 ' 

2*319 

2-H94 

1*001 

2*180 ! 

2*162 

Other soluble salts . 

5*0362 

2*981 

4*300 

0*239 

0*92 

1*380 ! 

Organic patter and 

f ! 




i 

1 

ammoniacal salts 

67*2100 ; 

40*390 

49*640 

40*510 

1 : 

29*00 ! 

15*300 : 

• 

1 100*0000 

100*000 

100*000 

100*000 

100*000 

100*000 

Nitrogen per cent . 

! 11*30 1 

12*18 

13*47 

14*58 

11*30 i 

2 *66 

Ammonia ,, 

1 4*90 1 

8*230 

7*04 

4*90 

2*29 

2*30 


• TABLE LXXXIL— ANALYSES OF PERUVIAN GUANO. 



7 

8 

9 

10 


12 

,3 1 

Water . 

18*800 

12*740 

15*026 

19*740 

21*500 

16*300 

18*00 1 

Sand and pebbles , 

4*300i 

3*710 

2*;246 

2*280 

17*700 

20*000 

16*00 1 

phosphate of lime . 

40 *300 1 

18*000 

31*800 

34*800 

35*600 

11*500 

33*800 j 

OtheV insoluble salts 

6*800' 

r38*200 

25*200 

23*200 

1*100 

11^*350 

12*300 j 

Potash . 

2*026! 

0*771 

, 0*678 

1*824 

2*600 

0*676 

0*4824 

'other soluble salts . 

i l(V974i 

14*329 

13*622 

8*576 

0*300 

2*874 

8*8176 

Organic matter and 

1 




L* • 



anSmoniacal salts 

18*100 

12*250* 

11*630 

9*580 

r 21*800 

31*^00 

. 

10*600 


loooQo; 100*000 

! 100*000 

100*000 

100*000 

o 

o 

o 

o 

© 

o 

o 

Nitrogetl per cent . 

4*48 1 

1*28 

1*82 

1*09 

4*82 

4*12 

1*250 1 

knimonia ,, 

1*416; 

♦ 

0*183 

• ■ 

j 0*183 

0*176 

0*76 

traces 

traces 
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Although rain is very rare in these countries *the surface of th^ 
deposit IS nevertheless moistened morft or less constantk- by the 
msts fogs of winter. Now, moisture by its presence alone 
diminishes the value of the guano of the •siiperlicial hetl, ht^ides 
cussolving ^Its of potash, ammonia, lime, and magnesia in so far as 
they are soluble, causing them tq pass into*the middle bed. To this 
downward transition there is a corresponding ascending transition 
from the lower beds. In fact, the guano of the lower bed in contact 
with the soil is slowly decomposing, giving oil ammonia ami car- 
bonate of ammonia, which being very volatile ascend towards the 
surface. The two opposite currents meet in the middle zone. The 
dissolved earthy salts fix the ammonia, which is thus converted 
into stable compounds. It is, therefore, easy to understitiu^iKhy 
the middle bed is richest in nitrogen and especially in amhioniacal 
salts. If this transference of matter in itself suliiciently oxj^iins 
the great dillerences in composition revealed hy analysis, it is not 
the sole cause. Peruvian guano does not consist wholly of the 
excrement of sea-fo^^. Remains of seals and other marine animals 
ar(?*f^nd in the lower beds in a good state of ])reseJvation. It is, 
therefore, right to assume that these islands at a jinivious (*poch,* 
when they were less elevated, served as a i*efuge to a gr(*at number 
of these animals, and that after th(‘y had bedbme inacc(‘!#iible to 
the latter owing to their volcanic u])heaval they became th<' borne 
of sea-fowl. This hypothesis enables us to imderst*nd why the, 
brown guano of the lower bed is of less value ; foi' tin* fiesli iftid 
the decomposed bones of which it consists are not so rich in nitrogen 
as the birds’ excrement. The composition of guano, therefore, 
varies according to whether it comes from the upper, the middle, 
or the lower bed of the deposit. The concretions (nodules) of 4he 
upper bed have a composition identical with that of the powder in 
which they are embedded. Their colour and their structure enable 
one to recognize that they have been derived from the guano of the 
surface bed. The concretions from the middle bed are distinguished 
from the surrounding mass^liy their colour, which is palei', some- 
times almost white, and they coiitain a crystalline nucleus oi' have 
a crystalline structure in parts. They consist chiefly of ammoniiKial 
salts, oxalafh and carbonate, and consequently contain more 
nitrogen than the guano in which tney are embedded. The ditler- 
ence may h^-as rfluch^s about 1*5 per cent, or even much more in 
the case of very pure pieces. The nodules, the analyses of which 
ar^ given here, according to Karrnrodt and^Phipson, come un- 
doubtedly from the middle bed. They coniam : — 
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•TABLE LXXXIIL-^ANALYSES OP GUANO FROM MIDDLE B^;D OF 
PERUVIA^^ GUANO DEPOSITS. 



Karmrodt. 
Per cent. 

Phipson. 
Per cent. 

Oxalate of ammonia .... 

. 41-28 

• — 

Carbonate of ammonia . • . 

— 

T6-93 

Urate of ammonia . . . * . 

. 4*09 

-- 

Alkaline urates 

. . — 

1^9 

Nitrogenous organic matter . 

. 10-17 

— 

Phosphate of potash .... 

. 9-52 

— 

,, soda .... 

. 9-08 

— 

* ,, ammonia 

. 7-57 

— 

,, lime (monacid) 

Carbonate of lime .... 

— 

1-14 

. . — 

9-91 

%6\^phtite of potash .... 

. 7-49 

traces 

,t lime 

. 3-40 

traces 

Magnesia and chlorine .... 

— 

traces 

Moisture 

. 7-40 

10-93 


100 00 

100-00 


yhe lower beds of the deposit consist chiefly of salts of the 
alkaline earths, and the aggregations which are met with have also 
the same composition. Sulphate of potash predominates in the 
nodule^ of these beds. The following is the analysis of one of these 
nodules, according to Kraut : — 

• 

TABLE LXXXIV.—ANALYSIS OF PERUVIAN GUANO NODULES 


(LOWER BED). 

» 

Per cent. 

Sulphate of potash . . , • • • 

. 45-64 

„ soda 

. 13-22 

,, ammonia .... 

Oxalate of ammonia 

. 10-28 

9-14 

Phosphate of ammonia (basic) . 

. 12-09 

,, „ (monacid) 

4-78 

Organic matter 

0-94 

Insoluble matter . . • . 

1-90 

Water ' . 

. 2-06 

9- 

• 100-00 


As observed above, tlie percentage of nitrogen in. Per;ivian guano 
varifes between 3-76 and 9*34, it is therefor^ much loVer than in 
the material collected about 1860, The Chincha islands deposits 
have a ^composition scmewhat like those of the old guano, as the 
following analyses of the Halle experimental station show. 

Analyses of the gutfno of different cargoes is given in Table 
LXXXV, p. 301. As will be seen later, guano is no longer sold 
except in the dissolve^htate. As guano, leaving its nitrogen out of 
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account, (insists mainly of phosphoric acid, in* the form of phos* 
phate of lime, it is, most generally, insduble in the crude ftate. In 
certain very favourable circumstances, rarely met with* it becomes 
wluble in the soil, owing to the nitrogencws matter with wljjch it 
is mixe4. ^ut beyond these conditions, it is no more soluble than 
the guano from Baker s Island^ and consequently it is to a large 
extent inactive. 


TABLE LXXXV.— ANALYSES OF DIFFERENT CARGOES OF PERUVIAN 
GUANO. 




Phosphoric acid, 
total . 

Phosphoric acid 
soluble in water 
Phospl^rj^ acid 
solu^ in citrate, 
after Petermann 
Nitrogen, total 
„ ammoni- 
acal . . . I 

Nitrogen, nitric . ! 

„ organic . | 
Potash . . . I 

Phosphoric acid, ; 
soluble in water' 
and citrate, per | 
cent., on total . 


I. 

II. 

111 

Pit cent. 

Per cent. 

■ Perc» 

8-70 

11'40 

0*0 


4-25] 1 

1 2*15 j 

■7*25 

7 115 

j 

4 0oJ 

H*70 1 

4 00j 

8*20 

1 

18 -85 

14*00 

1*05 

8*05 

1*K5 

0*00 

0*05 

0 00 

H*25 

10*25 

12*75 

2*10 

8*05 

2*45 

8H'H3 

m-1 

1 

:75*0 


• 



IV. 1 

V. 

VI 

Per e 

eiit. 

P«*r eent. 

• 




0**25 

i 

8*05 

fo *80 

2 *401 


•i-.wj 

5 *25] 

I 

[7 *80 


'> i 

4*00 1 

1 

4'70j 

1*80| 

H-IH) 


8 *85 

8*00 

1 


• 


2*40 


2*05 

7*20 

0*10 


0*10 

0*05 

0*40 


IgriO 

1 *85 , 

1*1(5 


2*80 

4^5 

70*0 


88*0 • 

()8*4 

• 


Dissolved Peruvian Guano . — Under this designation the Anglo- 
Continental Co. deliver a special form of guano with a guaranteed 
percentage of 7 per cent of nitrogen, 9-5 per cent of phosphoric acid 
soluble in water ( = 10 to 11 per cent of total phosphoric acid), and I 
to 2 per cent of potash ( =• 2 to of sulphate of potash). As guano 
is generally loadgd into ships in the bottom of the hold as ballast, 
a part of the cargo is naturally dienche<f with seii water. In the 
early days, importers placed this*damaged nortion on one side ; 
but this et^led is looking up considerable capital, and means had to 
be taken to unlock it. Attempts were made to dry the danftiged 
gpano and to sell it cheaply to farmers. But this method of utilizing 
da maged guanos had numerous drawbacks.* Nothing in fqipt could 
distinguish it from the guano which had not been drenched, neith^ 
the outward appearance nor the snsell, ifor the chemical analysis 
itself, which showed the same percentage^ of nitrogen as normal 
gi^ano. 
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• ffhe importers*carefully considered these drawbacks. •Accord- 
ingly, afting on the advite of the chemists, they attempted to 
improve the damaged guano by dissolving it with sulphuric acid. 
As Jhe manure so treated gave good results, this method of treat- 
ment was applied to all guanos indifferently, so that for^the past 
fifteen years 96 to 97 p8r cent of, the dissolved guanos has been 
produced from non-deteriorated guano. In the later contracts 
between the Peruvian Government and the Peruvian Guano Co., 
these conditions have undergone no alteration. The process used 
to dig^olve Peruvian guano is as follows : — 

As the guano exists in big lumps in the raw state it must first 
of all be ground to a fine powder. As it would be idle to pass all 
th%rgas« of guano through the crusher, the latter is combined with 
a shaking sieve to separate the powder from the big lumps, which 
alon |5 are ground. The crusher also eliminates from the guano 
stones (granite) brought from the deposits, which when they are not 
too large are fixed between the bars of the machine, from which they 
may be removed. In this way about 1 per eent of stones is ob- 
tained, which is debited against the supplies of the guano ^•^.he 
purchase price. 

The powdered guano thus obtained is then mixed with 22 per 
cent of*its weight o? sulphuric acid of 66'" B., sp. gr. 1-84 (168° Tw.), 
or its equivalent of acid at 60° B. As the phosphoric acid exists as 
^dibasic phosphate, the operation requires no plant, and is done by 
simple shovelling. The material is then laid in heaps, where it 
solidifies. When the reaction is finished, the guano is again passed 
through the crusher to reduce it to powder, the form under which 
it is put on the market. Dissolved guano contains 5 to 7 per cent 
of iiitrogen and about 10 per cent of soluble phosphoric acid ; it is 
sold with a guaranteed analysis.^ 

As the Anglo-Continental Guano Co. can only supply a product 
of uniform analysis, by carefully sorting and mixing the raw guanos 
and not by the addition of foreign matters, sulphate of ammonia, 
etc., it follows that the constant* decrease in the nitrogen content 
of the raw guanos reacts also on that of the dissolved guano. 
Since 1878 the guano has been delivered uniformly with 10 per 
cent of phosphoric acid a^id 5 tjj 7 per cent of nitrogerf, at the wish 
of the buyer. Disserved guano has the considerable advantage over 
raw guano of acting with absolute certainty** Ahhougji the phos- 
phoric acid of raw guano dissolves in the soil, when the temperature 
conditions’ lend theipselves thereto, it is precisely this dependence 
upon conditions which lessens its value and renders it less useful. 
•As the solubility of the phosphoric acid, moreover, depends on the 
• 

' All manures in Great^ Britain must be so sold to meet the requirements of 
the Fertilizers Act.— T b. , 
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)ercen|age of alkaline salts in the guano, present-day raw gyanqs 
ire much less soluble than the old Chiycha guanos. Farmers wui'e, 
therefore, justified up to a certain point in attributing xo the old 
guanos, now exhausted, a characteristic ^specific action, not only 
because these guanos contained 12 per cent of nitrogen againsf 7 j)er 
-cent in the present products, but also heavuse the aminoniacal salts 
now present are insufficient Co bring the phosphoric acid to a 
soluble condition in the soil. 

By now using 100 lb. of raw guano with 7 per cent of nitrogen 
and 14 per cent of phosphoric acid, the same results would be 
obtained as formerly with 58 II). of the old guano (contaiiflng 12 
per cent of nitrogen and 12 per cent of phosphoric acid), mixed 
with 20 lb. of 30 per cent phosphoric acid and bone; ash^ It. 
follows that the use of raw guano in these circumstance# wtJulU be 
sheer waste of phosphoric acid. Taking it for granted that all the 
phosphoric acid of the old guano was soluble in the soil (wftich is 
not absolutely demonstrated), it may be asserted with certainty that 
only the half of the^phosphoric acid in the guano of the present day 
istos^luble. Now by dissolving the guano the farmer can utilize 
all the phosphoric acid present in the manure. Another advanta/fe 
which dissolved guano has over luw guano, is that its nitrogen 
cannot be volatilized, therefore it cannot lose its nitrogen ii^ the air. 
All the carbonate of ammonia is converted into sulphate, and if 
more could he formed it would at once la; fixed by the })hoK])horio 
acid. , * 

Finally, dissolved guano is more easily applied than raw guano; 
it contains neither lumps, which oblige tin; farmer to crusli it, nor 
dry powdei', which, when s)>read in stormy weather, lost ^ts(df in the 
neighbouring fields. Dissolved guano is in the form of a niois^ hut 
not tacky powder. 

Other Kiirogenizrd 6' //a7/o,s‘. - - .Amongst other nitrogenized 
guanos, mention must he made of Ichahoe guano (fchalK)e is an 
island on the West (Joast of Africa). This manure has b(*en known 
for a long time, but was never of very great commercial imj)ortance, 
because the first arrivals. contained only H per cent of nitrogen and 
20 per cent of phosphoric acid ; those which followed tested less and 
less. IchaA>oe ^ano approaches to sonte (extent phosjjho guanos. 
Latterly new deposits of guano IRivc been found on the island of 
Ichaboe, fo];medt by #ea*-fowl, and not damaged by moisture. The 
percentage of nitrogen in this guano, which contains feathert and 
the undecomposed carcases of birds, rises to 1 1*4 per oent, and its 
p'hosphoric acid content to 17 '6 per cemt. # * ^ 

Other deposits of guano were discovered a long time ago op 
different points of the African coast^ such as those of Algoa Bay, 
Saldanha, and those of Cape Colony. But these deposits, almost 
all exhausted by moisture, were not of greal^importance. 
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&uam . — Seal guano has been found in seveial ^arts o£ 
tl)e West Coast of South ^merica, in the Bay of Ferrol, in the- 
Lobos Isfefi^ and in the Isle of Tortuga. These localities are even 
now the habitat of seals, so that they are still in process of being: 
forncfed. In the Lobos* Isles, the guano forms a bed^TO metres- 
(230 feet) thick at manyipoints ; it consists chiefly of the tjarcases- 
of animals, bones, fur, hair, etc., fell slightly soluble substances. 
This guano contains much less nitrogen than true Peruvian guano ; 
it is analogous to the guanos of the lower bed of the Chinchas de- 
posits above mentioned. 

Bfit Guano . — There was formerly on the market a guano of 
this kind, under the name of Sarde guano. Stockhardt found in 
, thi^ product ; — 

^ • 

TABLE LXXXVI.— ANALYSIS OF BAT GUANO. 

Per cent. 

Nitrogen . 2 ’05 

Phosphate of lime 36*30 <4- <r) 

^ Alkaline salts 3*60 

It consists chiefly of bat excrements mingled with the dead 
bodies of these animals. Bat guano is found in grottoes and rock 
fissures, on the shores of the Mediterranean, in Brazil, Hungary, 
France, and near Vesoul in Egypt. The largest deposit found up to 
now is that of Kolumbacz, on the Danube, which contains 4000 
tons of guano, 

Hungc^rian Bat Gitano contains, according to Scheibler, 1'88 per 
cent of nitrogen and 11*64 per cent of. insoluble phosphoric acid ; 
it is, therefore, of small value. The guano found in the neighbour- 
hood of Cracow is richer. It forms a brown mixture of excrements, 
and bone debris. Analysed by Krocker, it gave : — 

TABLE LXXXVII.-ANALYSIS OF HUNGARIAN BAT GUANO. 


Per cent. 

Moisture . . . ^ 7 *50 

Combustible m‘>tter 76*20 

Ash . L .17*20 


Its total nitrogen* content is 9*170 per cent, of which 3*60 per 
cent is in the form oi ammoniacal salts, 0*118 per cent as nitric 
nitrogen, and 5*452 as urea, and other organic substances. The 
ash consists in part of phosphate of lime, the phosphoric acid 
content being 3*825 per cent. 



I 

NITROGENIZED PHcfePHATIC MANURES* 305 


Egyptian Bat Guam contains, according to Popp - 
TABLE LXXXVIII.— ANALYSIS- OF feGYPTIAN BAT 
Per cent. 


Urea 

Uric^citt 

Creatine .... 

Phosphate of soda (monacid) 
Insoluble 

Moisture .... 


77-HOO'I*^'^’^®'*^ of 37_analys^ 
J.25(\1 nitroKtn 


-50 J 


2- 5J 

13-450 

0-575 

3- 000 


37 per cent 
(Bolublf phosphoric 
acid 7-18 per cent). 


00-285 

This giiano is hot only the richest in nitrogen of all guanos foj^ntl 
up to now, but moreover of all nitrogenized manures. , • 
Eboli Bat Guano (province of Salerno) contains, according to 
Dr. G. Paris, 2*996 per cent nitrogen, chietly nitric nitrogen. ? here 
is also found : — 

TABLE LXXX*IX.— ANAI-YSIS OF EBOLI BAT GUANO. 

• • 

}‘er o nl. 

Moisture 18-20 

Organic matter , . 20-11^ 

Ash 52-87 


iOO-18 

The ash contains 20*69 per cent of pliosphoric acid, of which 47*96 
per cent is soluble in citrate. .Ml th(‘se deposits are comparatively 
unimportant. • 

Conclusion.— ^hty yray? ago Peruvian guano comi)lel^*ly 
dominated the manure market ; no other artificial manure could at 
this epoch meet the wants of the farmer. Nitrat(; of soda waH at 
that time too high in price, the manufacture of sulphate of ammonia 
was in its infancy, that of supcirphosphates was just comuumcing 
and could only maintain itself with a great struggle in presence of 
guano; the preparation of .ITone ^manures, although well advanced 
at the time, was limited in its scope by the ))Overty of tlui 
material, liider ’these conditions, Peru^an guano was the solo 
regulator of the price of^ nitrogen find of phojjjhoric acid on tho 
international marliet. « , . 

To-day flfe situation is not the same. The improvement in 
the condition of manufacture in the nitrate (hstricts (‘Oables the 
coifcessionaires to flood the European markel s at prices which 
formerly would have been regarded as ridiculous. The production » 
of sulphate of ammonia in gasworks, pursBes an ever-increasing 
progress. The exploration of the Pacific Ocean has led to the dis- 
covery of new islands of phosphatic guano, ijnormous deposits of 
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r.phasphates have been discovered. Finally, steel furnace^ furnish 
the farn^r with large quantities of phosphoric acid in the form of 
basic slag.' The two or 3 per cent of potash supplied by Peruvian 
guapo is largely replaced by Stassfurt salts, Aschersleben salts, etc. 
This abundance of manure is very reassuring with regard to the 
future, and the near exhaustion of the phosphatic guanoS may be 
contemplated without apprehension. 

But it is not so with regard to nitrogen, which forms only a 
part of guano. For however important may be the resources of the 
farn^r irom this point of view, and although he now utilizes human 
excreta only to a slight extent, nitrogenous manures are neverthe- 
less the dearest. The discovery by Hellriegel of plants capable of 
hrjn^ pitmospheric nitrogen through the intervention of certain 
bacteria; now enables the farmer to economize in nitrogenous manure. 
Rupipler quotes the case of a rural farm which collects 40 tons of 
beets to the hectare (16 tons to the acre) with a very high percent- 
age of sugar, and using only a small amount of nitrate, by plough- 
ing in green manures [vetches or tares] and completing their action 
by a strong application of superphosphate. Green manuring com- 
pleted by a good dose of phosphoric acid, potash and lime, forms 
the manure of the future. It is likely to revolutionize all the 
preser.t-day systems of farming; thus freeing the farmer from paying 
.tribute for extraneous nitrogen. In any case it is likely to solve the 
problem arising from the exhaustion of guano. 

Fish Gimio. — Historical Bevieu \ — The sea is an inexhaustible 
store of fertilizing matter. Independent of its own richness, it is 
incessantly receiving organic and mineral matter removed from the 
soil or detached from the mountains by rain and storms. More- 
over, it receives the human excreta wljich civilized towns run into 
the rivers. All these materials contribute to maintain the marvel- 
lous fertility of the sea. For many years the sardine fishing has 
been a highly important source of profit to the inhabitants of the 
Brittany coast, and has powerfully contributed to maintain a sailor's 
nursery. As far back as 1620, in the single small village of Port 
Louis, 4000 barrels of sardines were packed annually. Up to 1823 
the only method of preserving sardines consisted in salting them 
and pressing them in bturrels ; they were thus put c n the market 
under the name of pressed sardines This method of preserva- 
tion was replaced in 1824 by a new process known u,nderthe name 
o^ Appert, its author. This process consists in removing the head 
and the Viscera from the sardines, and packing the cleaned fish in 
tinned iron boxes, in' which they are preserved in oil after haying 
undergone a preparation known to eveiybody nowadays. This 
new method produced' much waste of considerable fertilizing value. 
However, this debris was not at first utilized but was run into the 
aea, where it was entirely lost. It was not until 1847 that Demolon 
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‘i®* utilizing it as a manure, fie desired firtt o» 
to use It m the raw state, but as it w»s received at a time whe'h 
the crops had been sown, he was obliged to store it tw a Time 

^ ‘*'® ■'uigl'bourhood. Demolon 
P‘'®®6‘'''e It by a more efficacious and less annoving pro- 
^ss. Alter having tried different means *he conceived the ifea of 
filing It. In that way he succeeded in extracting the oil then he 
iT^IS^n “h ‘‘^7®'^ 't "'to cakes which kept as well as oil cakes. 

dehris^eff^f ^ ’^®"'fcuu'l'‘‘»d to treat there the 

debris left from the cod-lishing. The plant of this factory coi^isted 

^ presses, two gratei-s and four mills 

Ihe whole was driven by four small steam engines. The list; 
as It came to the actory was fed into a revolving horizontai 

The steam entered through the centre of this pan 
heated the double jacket, and in ten minutes the fish was coaked 
Ihe door of the pan was then opened and the lish fell on to an 
inclined plane. The water and oil run into a reservoir, and the 
eolid parts were pressed, enclosed in scourtius analogous to those 
ustW ror the extraction of olive oil. The products were afterwards 
dried m a stove with a superficies of 900 metres (3000 .ft.).' 
finally, the oil was run into a sufficient number of vats. When 
the fish debris was boiled, pressed and grate(>, it was jihited on 
frames lined with cloth v;hich were pushed through the stove 
so that after half an hour the completely dried debrw fell into a 
hopper and thence into mills in which it was pulverized. 
Without ^ boiling the fish it could never he dried completely 
extracted. By boiling, the oil was extracted, which 
suniced to pay all the coste. This manure contained /5 tier 
cent nitrogen and 49 per ceut phosphate, and was sold at 30 fraica 
the 100 kg. (12s. a cwt., £12 a ton). But this new industry injured 
too many interests. Demolon and his partner were circurhvented 
by speculators, who, once masters of the factory, found nothing 
more urgent to do than to demolish it. Demolon’s idea was not 
long in Being taken up agai^ in Norway, where fish manure was 
made after the same process, then in America, especially at Boston, 
and in Great Britain, alw'ays according to Demolon’s process. Jules 
Loreau & Cc^ have built at Kernevel, neai^ Lorient, that is close to 
the sardine factories (sardines ii i huile), so numerous in these 
districts, a ^rks^whwe they convert into manure all the detri|;u8 
coming from these factories. This debris, which consists lar^ly 
of heads, cartilaffes and intestines, is receive^ at the factory on 
tables or sloped noors which allow the brine dharged with bk>od to 
drop into a pit, w’hence it is afterwards drawn off by a pUmp ; there* 
is thus a liquid and a solid portion. The liquid portion, that is the 
brine, m«ed with a certain quantity of oil wjjich is separated from 
it, is delivered to the local farmers, who utilize it to enrich their 



308 


CHEMICaI MANUBE8 


•fariftyard dung and especially for fertilizing meadows. A* propor- 
tion of tfn to fifteen barrels to the hectare (or four to six barrels to 
the acre) is sufficient to produce very good crops. This manure 
undergoes an ammoniacal fermentation in the pit and its action on 
vegetation is most energetic; it should therefore only ®b^ used on 
moist ground, after rain, for example ; on analysis it shows a pro- 
portion of 1*34 per cent of nitrogen. The fish debris after draining 
is lifted, made into a heap and boiled over a naked fire, when a 
little water is added and clear brine ; the boiling lasts two hours 
for 4410 kg. (880 lb.) of sardine heads. After boiling, the material 
is piled in layers between two wrought-iron plates and submitted 
for five hours to the action of a press, from which k, issues in the 
foViTfcfOf’^a cake. The 400 kg. (880 lb.) yield on an average 100 kg. 
(220 lb.)' of cake with 25 per cent of water. This cake is air-dried 
andfthen pulverized in a flatstone mill, whence it issues ready to 
be delivered to the farmer. A pair of flatstone mills yield 1 to 
tons of ground cake in twelve hours, according as the weather 
is more or less dry. The average compositiomof this manure is the 
^following: — *- 

TABLE XC.— ANALYSIS OF BKITTANY FISH GUANO. 




Volatile 

matter 

'Water 

Organic matter .... 

^Nitrogen 

. 50-50) 

. 6-50/ 

5-00 

57-00 


rPhoHphate of lime .... 

. 28-00^ 


Ash . j 

Carbonate of lime and (alkaline) salts 

. 5-50 \ 

38-00 


'“Silica 

. 4-50-1 


t 



100-00 


This fish manure, which is in great part delivered to the farmer 
without any further treatment, is also used at Kernevel in the 
manufacture of compound manures and in that of phospho guano. 
The chief compound manure, which is sold under the name of 
Breton Manure, is merely fish cake *nixed with a sort of fucus 
(seaweed) collected at low water. <■ As to the phospho guano, it is 
mainufactured by treating the crushed fish cake with sulphuric acid 
of 50*" B. Next morning it forpis a paste which subsetjuently dries. 
It is advantageously used for different crops, particularly for beets. 
It contains on an average 2'5 of nitrogen. Brittany the sardine 
industry commences at Croisic and ends at Douarnenez ; it jields 
about 6000 barrels Qf sardine heads ; a barrel of 225 litres contains 
on an«average 30,000* heads. 

ManufcCcture of Fish Guajio in Norway — At the present day 
fish guano is manufactured vhiefly in Newfoundland and on the 
islands of the Norwegian coasts. The most important factories of 
this manure are in the Lofoten Isles to the north of Bergen. JThe 
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fishing industry, which is very important in tife North Sea,*a*U(l, 
the flesh of which is sold under the iiame of cod, yickU a vetw 
abundant raw material ; the head, the fins, the intestines* etc., being 
utilized. Norwegian fish guano somewhat^i-esembles steamed bone 
dust, altJ;ioSgh it does not occur in the same pulverulent form as 
the latter. The process usually employed is the same as that for 
making bone dust. The fish debris is steamed, dried, and ground ; 
steaming presents certain difficulties. When the digester described 
on page 269 is used, the material agglutinates so that the steam 
cannot pass through it ; steaming is therefore too strong on the 
odges and the material is too much degelatinized, whilst the centre 
escapes steaming. To remedy this drawback, the firm of 
M. Friedrich of Plagwitz, near Leipzig, has built a lu)rLzo^tal • 
digester, a perforated cylinder revolving inside an exterioi^ cylinder. 
The material to he treated is fed into the interior cylinder ; it is 
heated by steam which is injected into the exterior cylinder ;*then 
a rotary motion is imparted to the first, the elTect of whicli is to 
turn the material o\ier continuously and to renew the surfaces in 
coht^ht with the steam. The gelatinous solution is sejiarated 
through a tap at the lx)ttom of the apparatus, ami it is ovapotatet^ 
to transform it into solid gelatine. After cooking, the material 
contains a rather large proportion of water, fot’ which reiwon the 
material is dehydrated before passing it to the drying machiiu* by 
passing it through either a hydraulic press or a centrifugal machine.^ 

A greasy liquor is thus obtained which separates a little oil *00 
standing. The dry material is crushed in the same way as honos^ 
For some years back fish guano has been treated with sulphuric 
acid. It contains on an average 7’9 per cent of nitrogen. and 12 to 
16 per cent of phosphoric acid. The following are analyse^ of 
several Norwegian guanos : — 


TABLE XCL— ANALYSES OF NOBWEGIAN FISH Gl ANO. 



I’er 

: iVr (.flit. 

‘ f 

IVr (A-iit. 

1% cent. 

iVr cent. 

Water # 

12'3() 

18-41 

• 13-02 

10-54 

8-05 

Organic matter . 

.W'70 

; 7<t80 

40-40 I 

.'50-02 

50-15 

Nitrogen . . ^ 

. •8-15 

H-l;") 


0-30 

KOI 

! Calcium phcfphate 

. • 30-50 

4-01 

.30-20 1 

34-44 

2r>j(4 


As a matter of fact, fish guano has nothing ii?cbmmon but t(je name 
with the different guanos which have been described ir>thi8 treatise, 
for it contains nitrogen in a different ^orm^nd less assimilable than 
in guanos properly so called. 

^In the salmon-packing industry of Noi^ America, carried on 
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fn the districts around the Columbia River and Puget ScJtind, as 
Well as Siputh-East and We&t Alaska, a very large amount of fish 
waste is produced, amounting in 1913 to 140,000 tons, valued at 
abou/, £438,000, 120,000 tons being produced in the United States 
and 20,000 tons in British Columbia. The waste constftutes from 
25 to 50 per cent of the original fis]? and in its fresh state contains : 
Water 64*6, nitrogen 3’02, phosphoric acid 1*59, and oil 10*43 
per cent, or in the dry condition : Nitrogen 8*65, phosphoric acid 
4*44, and oil 28*74 per cent. During recent years this waste has 
been Seated for the removal of the oil and the residue has been 
sold for cattle feeding or for manurial purposes. The method of 
treatment adopted is that of steaming the material in upright 
' cyliador#, and pressing the hot material in hydraulic presses, when 
hard cakfes are formed which are steam-dried. From five working 
plan^ the output in 1913 was 286,000 gals, of oil and 1630 tons, 
of dried scrap. The latter had the following composition : Water 
4-5, nitrogen 7^-91, phosphoric acid 51-12, and oil 8-20 per cent. 
It is suggested that in the otf-season thesd works mighty also 
profitably treat the seaweeds which grow so abundantly on She 
racific coasts and that a blend of the two would form a very 
valuable compound manure.^ 

Whl^le Guano . is also prepared from whale debris ; 
this product is similar to the preceding. Whale flesh contains in 
.the fresh state about 5 per cent of nitrogen, and in the dry fat- 
exfracted state about 14 per cent. The bones of the whale contain 

per cent of nitrogen and 23 per cent of phosphoric acid. 

Crab Guano approaches fish guano. It is prepared from a 
species of sea-crab or lobster, of which there is enormous con- 
suntption on the coast of the North Sea. They are steamed, the 
substance pressed, then it is roasted on plates, and finally reduced 
to fine powder by grinding like fish guano. It is in the form of £u 
bright yellow powder mixed with fragments of shells, and contains 
on an average 8 per cent of nitrogen and 3 per cent of phosphoric 
acid. There is also a manufactory <of crab guano at Oporto,. 
Portugal. 

*In other fishing indi^stries large quantities of offals are also^ 
produced which in many case^ are dried and sold as fish scrap 
lor feeding purposei or the oil is extracted and the residue con- 
verted into manure. In the Menhaden fisJ^ing^indifttry, for in- 
stance, wh^ch is followed along the Atlantic coast of the United 
States, in the neighbourhood of New Jersey, the fish, which are 
about the size of a herring, are first steamed and then pressed for 
the removaPof the oil. ,From the press the residue falls on to a 

f 

* J. W. Turrentine, “ V-S. Dent, of Acric.. Bureau of Soilp.” Bull. No 150^ 
Jan., 1915. 
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conveye» which delivers it into the drying roofti. The notaair, 
drier for drying the fish scrap is almosU universally employed. 
consists of an iron cylinder about 6 ft. diameter and 30 fo 40 ft. 
long, lagged on the outside with a non-conducting coating. It is 
provided *wifh a series of iron flanges or haflles running the wRole 
length of the cylinder, which are for th(? purpose of lifting the 
scrap and dropping it through thS hot air. The cylinder is rotated 
on a central axis by means of an electric motor, while a current of 
hot air is driven through by mciins of a fan. The wet lish scrap 
is charged in at one end of the cylinder and falls out at the other 
in a dry condition ; it delivei's into a brick chamber aifd is 
conveyed by etevators to the bagging room. The transit of the 
material through the drier occupies from 3 to 20 minutes, \)^' whu*.h 
time the moisture is reduced to 7 per cent. The material from the 
cookers contains 22 per cent of dry matter and 7S per cent of 
water. In the press 50 per cent of oil and water are renufl ed, 
leaving 44 per cent of residue containing 22 of dry residue and 22 
of water. • 

•rfTe dried fish scrap is well known under the name of fish 
guano, the following being some analyses by Macadam of these# 
products ^ : — 



1 


Fish (Juiuioh. 

• 



Raw Fish 



• 


Ofhil. 1 

i 

1 .Anrhovy. 

; Ihrriiig. 

1 

(’o<l. 

Moisture . . . . 1 

•50-58 

8-00 

• 

0-14 

0-24 

Oil 

15-51 

1 — 

~ 

— 

Nitrogenous organic matter ^ 

18-54 1 

1 00-18 

70-18 

57-08 

Alkaline salts . 

; 10-03 ! 

4 -54 

1-50 

212 

Phosphates 

i , H-84 

; 14-02 

7-02 1 

20-17 

Carbonate of lime 

0-48 

j 8 '28 

8 'OH 

0-85 

Silica .... 

• 012 

8-02 

10-52 

1 1-44 

> Containifig nitrogen 
= to ammonia . 

100-00 

.8-81 • 

i 100-00 

1 • 

1 H-02 

100-00 

10-42 

• 

100 -JO 

1 10-13 


The most important constituents of the fish guaaos are the 
nitrogen and phosphoric acid, but potash and^ime are also present. 
They are, however, very variable in composition as piayT)e seen 
from the ’fact that in nineteen samples the nitrogen varied from 

* Ivison Macadam, “ Jour. Hoc. Chem. IiTdt.,” 1888, p. 88. 
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1 toll per cent, the phosphates from nearly 8 to 34 per dfent and 
the potas^ from 2 to 4 per •cent. Naturally their monetary value 
is equally Variable. The nitrogenous matters, for the most part, 
8ho^^ considerable resistance to decomposition so that the fertilizer 
is one which, although slow in its action, will persist* for a con- 
siderable period. It is, however, jomewhat injurious to seeds and 
young plants in the first period of active fermentation.^ 

To appreciate the fertilizing value of the manures just described, 
it must be borne in mind that the greater part of their nitrogen 
exists^not under the form of readily decomposable gelatine, but as 
a horny substance (chitin), which, moreover, always retains a certain 
amount of fat. These manures therefore act sloVly, after the 
• ma^ir^r c»f raw bone dust ; if spread in autumn they decompose 
sufficiently in the winter to become active in the spring, supposing 
always that they have not been buried too deeply. Meat meal and 
fish meal dissolved by sulphuric acid with equal nitrogen and 
phosphoric acid content are of the same value and produce the 
same effect as bone superphosphate ; it is theleforo more rajiogal 
to use these manures in their soluble condition. The consumption 
Of fjsh guano assumes every year a new extension. The best 
qualities are used to feed cattle and chickens, while the ordinary 
sorts ar»3 used as manure. The price in the market per 100 kilos 
(2 c'vvb.) was the following at the end of December, 1907 : — 

.. « 

*" Norwegian fish guano, 8 x 12 per cent = 22‘80 to 23*10 francs. 

British ,, ,,8x1) „ = 21*55 to 20*85 ,, 

„ „ „ 7 X 11 „ = 17*80 to 18 

< 

<Tt is necessary to mention that theiV) are still a large number of 
nitrogenous wastes, derived from substances of animal or vegetable 
origin when they are damaged and otherwise unutilizable which 
may be used for the manufacture of manure ; but as these substances 
rarely occur on the market in sufficient quantity, it will suffice to 
indicate them by giving their content ofqjhosphoric acid and potash. 


‘ “ Jour, lizard of Agric.,” 1914, p. 688. 
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TABLE XCIL— SHOWING THE COMPOSITION ot NTTROOENOfIS 
MANURES. >. 


The substaiices contain 

Nitrogen. 

Phosphoric 

• 

Pota.sb 

Nitrogo# in 

^Ibr 100 lb. 

lb. 

% 

acid. 

lb. 

lb. 

drv siihstanco. 
lb. 

1 Nitrate of soda 

15 -8- 10-0 




i ,, „ potash . 

1 ,, ,, soda and ot 

ia-6-13-7 1 

— 

45-1-40-0 


j potash 

14-8-15-2 ' 


undetermined 


iSal ammoniac 

l!>0-20-9 






1 Dried blood . * , 

14-0- 15*0 






|Meat meal 

14-5 about 






Hoof and horn dust 

IH-IO 






1 Wool rags 

Leather shavings disin- 

variable 

__ 

— 


1 tegrated 

5-9-BO 

_ 

— 


(Bullocks’ hair 

IB'TH 



— 

t i 

Cheese . . . • . 

4-5B 



— 

( 

jCcflorffbine 

H-BO 


0-25 

8-42 1 

tSilkworm littei oth and 



• 

j Oth period . 

B-2H 

— 

0-15 1 

0-0^ 

(Beetles . 

B-29 

0-4 0-7 i 

— ! 

10-000 

; White worms . . . ' 

•Greaves in cakes in mar- j 

7 '92 

— 

•_ 

f-92 

t 

] 

i ketable condition . i 

11 -87 

— 

— ' 

12-515 1 

^Fish waste 

5-7 

2-B 

— * 

7-0 , ? 

1 Nitrate of soda, pure , i 

10-47 

— 

i 


j ,, ,, potash, pure . ; 

'Sulphate of ammonia, pure 

IB -80 


40-5:i 


21-21 

1 

— ' 

1 

; .Ammonium chloride, pure ! 

20-17 

— 1 

— 

• 


^ The nitrogen in several oi incRC niirogenous nmmin'H is mure iimri 
usually high, almost double that of ordinary coinniorcial samples, e.g. meat meal, 
greaves, etc. No table like this is a guide to the comiaiHition of any given 
sample on the market, the real value of which actual analysis can alone decide. 
— Tb. 
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POTASSIC MANURES. 

Preliminary Remarks . — The ash of plants consists partly of carbonate 
•of l^tgjSK; the caustic and detergent properties of which were 
bound to Attract attention from the very beginning of civilization. 
And ^ a matter of fact the ancients knew this substance and em- 
ployea it in domestic economy as well as in industry. Aristotle 
described the manner of extracting potash from the ash of plants as 
practised in his day, the process being still in useCn certain countries. 
It consists in submitting the^ish to a series of washings with \^tA‘, 
concentrating the lye by evaporation, and in calcining the residual 
salt. As plants leave only a small amount of ash, and as this does 
not wholly consist of carbonate of potash, it is clear that the yield 
of potash cannot be very great. The plants the most rich in potash 
ere the following : — 

« 

TABLE XCIIL— POTASH CONTENT OF VARIOUS PLANTS. 


J’cftaali iu 1000 jjarts. 

* 


Potasli in 1000 parts, 

*' 

Pine 

0-45 

Fern 

; 6*26 

Poplar 

0-75 

Reeds .... 

7-22 

Beech 

1-45 

Maize stalks 

; 17*50 

Oak 

1*53 

Sunflower stalks 

, 20*00 

WiUow 

2-85 

Chryeanthemum 

26*00 

Alder 

1 3-90 

J^ettle . . ► . 

i 26*03 

Wheat straw . 

3-UO 

Vetches (tares) stp-lks 

! 27*50 

Thistles . . . . c . 

5 00 

Absinth stems . . t . 

1 73*00 1 

Vine 

5-5C 

Fumitory . . . . 

1 79*00 

Barley straw . . t . 

5-80 

« 

1 i 

* 



i ^ 1 


In this category some plants will be remarked as very rich in potash^ 
such as^fumitory and Absinth. Several attempts have been made^ 
especially about the year 1850, to cultivate them to extract the 
potash. Thus, in Sardinia, a plant was cultivated called in common 
language glacialo (Mesembr^'anthemum cristallineum) for the pur- 
pose of cbtaining potast by burning it. The analysis of the ash„of 

(314) . • 
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this plant, cultivated in le Nord, showed it to c&ntain 30 per cent 
of ^rbonate of potash and 6 per cente of carbonate of ^la, and 
^ium chloride. To appreciate the economic bearing df this idea, 
it will suflBce to recall that plants can only draw potash froijj the 
soil, an^tMkt by growing plants which need much potash too often 
on the same ground it would soon hecoifte exhausted and sterile, 
unless the amount of potash extracted by the plants were restored. 
But then that would be proceeding in a vicious circle : furnishing 
potash to the soil, as say potassium chloride, only to convert it into 
carbonate of potash in th'^ plant which must be extracted by burn- 
ing. It is unnecessary to dwell further on the subject. * ^ 

Until comparatively recently plants were the sole source from 
which potash could be obtained, and as the industrial coniiiu^pUon • 
of this product was formerly much greater than to-day ^tbey did 
not then know that soda could replace potash in most of its apnlica- 
tions), the supply was always insullicient to meet the warns of 
industry. 

About the end (ff the eighteenth century the inventioji of Le- 
blEfnc^^vhich consisted in extracting soda from common salt (chloride 
of sodium), came to deliver the farmer from the incalculable tij))ui^ 
which he was obliged to pay annually to industry under the form of 
potash. Some industries, however, especially^glass mamrfacture, 
continue to use potash owing to the impossibility of their replating 
it entirely by soda. Attempts were subsequently m^de to reduce, 
the potash which occurs in abundance in a great number of •in- 
soluble and difficultly soluble minerals such as granite, poiphyry, 
potash-felspar with IG’6 per cent of potash. But soon the discovery 
and the exploitation of the enormous deposits of potash salts of 
Stassfurt rendered these cfcertions useless. For some little tjme 
potash, or better carbonate of potash (for the word potash is no 
longer used except to denote the impure product), has b(*en made 
in considerable quantities by the Leblanc jn ocess. The l aw material 
used being the kainit, or hard salt (p. 318), supplied by the Stassfurt 
mines. % 

Stassfurt Salts.-w-ln fhe Stassfurt mines very soluble potash 
salts occur in sufficient quantity to meet the wants of industr}; for 
an indefini^ period. Far from JiavinJ recourse, henceforth, to 
the farmer for potash, industry is enabled t 9 restore to him the 
enoripous ^antiiles ^hich had been removed from the soil in the 
course of centuries. Encouraged by the geognostic conditions ol the 
Stassfurt region, the first boring was begun oig April 3, 1839, in the 
hope of finding new deposits of common ftalt, the production of 
which was insufficient in the district In the month of June, 1843^ 
portions of the salt were brought to tjhe surface, and in 1851^a bed 
of salt 325 metres thick had been passed without reaching the 
boUom. The borehole was then 581 metres deep. The brine 
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fixtracted from the' borehole in 1843 had a density of 1-205, *nd the 
deeper tl:^ bed was penetrated the more the density increased. The 
analysis of' the product gave the following results : — 

Iable xciv.— analysis of first borehole sample of 

STASS’FURT POTASH SALTS. 


Magnesium sulphate 
,, choride 
Potassium „ 
Common salt 


Per cent. 
401 
19-43 
2-24 
5-02 


The l6w percentage of common salt in this product caused a deep 
dejection which seemed likely to put an end to the operations. But 
as fai- back as 1848 Prof. Marchand of Leipsic asserted that the 
bed of salt ought to be pure and that the magnesium salts must 
come from the upper beds of the deposits. The first pit (Von der 
Heydt) was commenced on December 4, 1851, and the s^^cend 
(Von Manteuffel) on January 31, 1852. In 1856 an exploitable bed 
was^'^eached at 333 metres (1092 feet) depth. 

In ,1858 the government of the Duchy of Anhalt likewise 
cauced two pits to be excavated for the working of salt, a very 
pure bed of rock salt being found 300 metres (984 feet) in thickness. 
*But after a few years it was seen that the bed of rock salt was far 
from representing the chief value of the mine. It was observed in 
fact that the saline beds which covered the common salt, and from 
which the magnesium salts came which had been found in the 
depths of the bed, formed enormous deposits, and contained an im- 
portant proportion of potassium chloride. This product, which was 
not at first utilized, was destined to become a source of gi’eat value 
to agriculture. In 1854 a deposit of potash salts consisting of pure 
potassic chloride mixed with a little common salt was also dis- 
covered at Kaluse in Galicia. In 1869 a factory was built for its 
exploitation, but after a few years worffing the crude salts brought 
to tjie surface contained only 1 per cent of potassium chloride. At 
the present time a deposit of kainit (see under this heading), which 
is much more extensive than that of Stassfurt, is being extracted. 
In 1870 boring operations were conducted by Baron Douglas at 
abotic 3 km. (2 miles) from Stassfurt, which resulted 'in th^ dis- 
covery of new deposits of potash salts, the working of which wj,s 
soon be^un. Carmtiite, extracted from the mine and treated in 
the factory constructed at the working pit, is distinguished by its 
great purity. The entei prise ,was soon taken up by a limited liabil- 
ity coliipany (Alkaliwerke Westerregeln), which continues to work 
it on a vast scale. Ap6ther exploitation of potash salts is that of 



POTASSIC I^lANURES 


317 


New Stassfurt. It is interesting on account of rtie kainit whioli it* 
supplies to the farmer. At Stassfurt itself the pit Ludwig J I., which 
had been abandoned for a long time, has been reopened'for the ex- 
traction of carnallite. There are still fouryl a little further away 
from Stasrfurt the factories of Ascherslel)en. at Bienenhui^ of 
Thiederhall in Brunswick, the Solvay fafttories at Beriiburg. and 
the Wilhelmshall pit near AuTlerbeck in the neighbourhood of 
Halberstadt. It would be futile to study here in detail the potash 
salt deposits of Stassfurt and elsewhere. The reader desirous of 
more ample information ^s referral to the special treatises on the 
subject. But as a knowledge of the manufacturing methods*ahoiit 
to be described presupposes a knowledge of the minerals which 
enter into the composition of crude potash salts, it is deen^a^us^ful • 
to describe 'them briefly. • 

Crude Potash Salts . — 1. Carnallite forms the chief ingredient 
of crude potash salts. In the pure state it is as cleai' as ci^-stal, 
often iridescent ; generally, however, it is coloured red or leddish- 
brown by scales oU crystallized oxide of iron. Its fracture is 
coficflftidal, density 1*65. It is rarely found in distinct crystals in 
nature. Carnallite crystallizes in the rhombic system. The ajjgleH 
of the bases are 120° and 60°. The crystals of secondary formation 
met with in mines rarely have. a tablet form. They are often 
octahedral. Sometimes great masses of carnallite crystals* are 
found so compressed by pressure that their surfaces apy(‘ar concave ; 
the crystalline form is, however, (jiiiU* distinct. Pure carnallite has 
the formula KCl -h MgCLj + 6H/), and contains: — 


T.\BLE XCV.— .\NALYS1S OE CAUNALPITE. 



Per cent. 

Pota.ssium chloride . 

2()-7S 

Magnesium ,, ... 

.S4-r)0 

Water 

.HH-74 


KKPOO 


100 parts of water at 18*75° of (66*75° F.) dissolve 64*5 parts of the 
salt. ’ • 

2. Sylvinc or* Sylrinite is a »>atural ju’oduct resulting fiom*the 
decomposition of carnallite, and c-insists*mostly of ])ure potassium 
chloride. Freed from khe common salt with* which it is mixed, it 
•has t^e compositfbn ijjpresented by the formula KCl, and contains 
in the pure state : — , 

* TABLE XCVI.-ANALYSIS OF SYLVUVlTE (PUBE). 

Pentcent 

Chlorine * • ' * 

Potassium .52*42 

)0 
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It 'is often colourless, rarely reddish or brown, brilliant lil^e glass, 
“lyitn slightly vitreous reflection, altogether resembling rock salt, 
crystalliilng like the latter in regular cubes with an octahedral 
surface. Its fracture is angular, its density is 2*025. The potash 
salt Vound at Kalusz consists chiefly of sylvine ; it is coV>ured blue, 
which generally only ooBurs with rock salt; according t6 certain 
authors, however, this coloration iz due to admixture with blue rock 
salt. Sylvine as it comes from the mine has the following com- 
position, according to Mercker : — 


TABLS:: XCVII.— ANALYSIS OF SYLVINE AS IT COMES FROM THE 


MINE. 

Per cent. 

0 Potassium chloride .... 

30-55 

S»ftdium ,, .... 

46-05 

Magnesium ,, 

IJotassiura sulphate .... 

2-54 

6-97 

Magnesium „ .... 

4-80 

Gypsum 

1-80 

Water and insoluble .... 

. *' . 7-29 

1 

100-00 


Its potash content i^s 23*04. 

3 . kainit is met with in large quantities, chiefly in the 
Leopoldshall mine and at New Stassfurt. A deposit of more than 
•25^metres (85 feet) thick has been found at Kalusz of almost pure 
kainit. It is colourless, or yellow to reddish or even a very dark 
brown. It is very hard in comparison with the other minerals 
mentioned in this chapter. Its density is 2*131. Its fracture has 
a crystalline lustre ; it rarely gives true crystals. It contains, 
accbrding to Reichardt : — 


TABLE XCVIII.— SHOWING ANALYSIS OF KAINIT. (REICHARDT.) 


Potash 

17-37 

Soda 

6-90 

Magnesia .... 

14-76 

Sulyhurio acid (SO 3 ) 

80-00 

Chlorine . . . 

18-66 

Insoluble .... 

0-22 ‘ ; 


— 1 — ! 

Le 8 s’’oxygen equivalent to the 

86-81 ; 

chlorine V . 

4-18 j 


Sulphate of pota^sh 
„ ,, magnesia < 

Magnesium chloride 
Water 


8212 

22-87 


64-99 

16- 96 

17- 87 


An rCbmmoK salt . . 9-90 


Water 


82-63 

17-87 


100-00 
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Pure kainit responds to the formula — 

KjSO, + MgSO, + MgCl, + llfi 

Kainit is, therefore, a double sulphate of potassium and magnesium 
<jombined with magnesium chloride. It forms a peculiar comdhund, 
which no one has yet succeeded in reproducing artificially like 
•sylvine and carnallite. Its mode of formation is thus uncertain ; 
it is supposed, however, that it results from the action of water on 
a mixture of carnallite and kieserite found in the salt deposit. 
Kainit, as it is extrat^ed in consideiuhle quantities from the 
Leopoldshall, New Stassfurt and Kalusz mines, is freed as nfbch as 
possible from»common salt intercalated with it, then it is reduced 
to fine granules in a salt mill. It is put on the market j,s^rq^und» 
kainit, and contains on an average 65 to 75 per cent of pure 
kainit or 23 per cent of sulphate of jxjtash (equal to 12-4 per cent 
of potash). The impurities consist chiefly of common, sait and 
clay. Formerly, kainit was calcined and ground. This process 
has been abandoned in the Stassfurt factories. As it readily cakes 
and^ then verj’ difficult to break up, it bas been mixed, on the 
advice of Fleischer, with 2 5 per cent of peat powder, which 
prevents this drawback. The same treatment is recommended 
for other potash salts when they are sold for iiianure. ^ 

4. Schoenite is the double sulphate of potassium and magnosium 

and responds to the formula K^SO^ + MgSO^ + 611.^0. Us forma- 
tion, at the expense of the kainit by elimination of the chloridtj of 
magnesium, would therefore be very plausible ; its existence as a 
mineral is not established with certainty. Artificial schoenite will 
be described later. , 

5. Polyhalite . — Is fouqjl in veins 26 to 33 metres thiok in 
the deposits of rock salt. It is mostly amorphous, rarely crystalline, 
of a grey colour and conchoidal fracture. Density 2-72. 


TABLE XCIX.— ANALYSES OF POLYHALITE. 



Per cent. 

Potassium sulphate* . . . . 

27 ''.♦() 

Magnesium „ 

iy-7n 

Calgium * ^ . 

42 •♦)4 

Water ,, . » . 

r>-7/5 

Common salt and impurities . .» 

3-41) 

• 

92-54 


It responds therefore to the formula — 

K2SO4 + MgSO^ -h 2CaS0^ + 2 H 2 O 

When treated with water it is the potassium salt which most Readily 
dissolves, whilst the magnesium sulphate And the calcium sulphate 
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ren\p,in in great part undissolved. Before being discovered in the 
^assfurt mines polyhalite had been already met with in different 
places af Ischl, Hallein, Berchtesgaben, etc., partly as rhombie 
crystals or fibres or minute crystalline rods. 

9. Krugite has a ctemical composition similar tq^ polyhalite^ 
It responds to the formula — * * 

K 2 SO, + MgSO^ + 4CaSO, + 2 H 2 O 


TABLE C.— ANALYSIS OF KRUGITE. 

r 


PotaBsium sulphate 
Magnesium ,, 

Calcium „ 

^ater 

Common salt 


(MERCKER.) 

Par cent. 
18-60 
. f 14-70 
61-00 
4-20 
1-50 


% 

' 100-00 


Density 2*801. 

It now remains to describe the processes used to extract frona 
^hese minerals the whole series of products supplied to agriculture- 
as pUtassic manures. 

Manufacture of^ Potassium Chloride [muriate of potash]. — The- 
crude salt treated consists of a mixture of all the salts described 
above. However, carnallite predominates ; forming 50 to 60 per 
cept of the chide salt, equal to a potassium chloride content of 13 to- 
17 per cent. The processes now used in the treatment of the crude 
salt in the manufacture of purer potash salts (potassium chloride) are- 
based essentially on the property of carnallite to decompose in 
presence of water into potassium chloride and magnesium chloride 
it therefore dissolved and potassium chloride separated from the 
solution by crystallization. The process is in itself very simple 
what complicates it is the presence of quite a series of foreign salts- 
accompanying the carnallite, the most important of which are rock salt 
[NaCl], in the proportion of 20 to 25 percent, and kieserite [MgSO^ 
+ HgO], which forms 15 to 20 per celit of the crude salt. Other 
minerals, such as kainit, polyhalite, tachydrite, CaClg + 2 MgCl 2 + 
I 2 H 2 O, etc., are rarely met with in large proportion, but when 
present they are very troublesorrie in the process. 

Crushing the Cruae Salts.-— As the mines .deliyer the crude salt 
in big lumps (in the beginning they delivered them gfound), they 
must be crushed before being treated. Formerly the lumps were 
crushed by blows from a mallet with a long handle, but now All 
the factories, have laid down mechanical crushers for the purpose ; 
the machine most used h the jaw-breaker crusher already described. 

Dissolving the Crude Salts. — The crushed salt is fed into a pan, 
in which it is dissolved. The crushed salt falls from the mill into* 
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the receiver of a cup elevator, which delivei's it^hrectlv into the 
dissolving pans or into a wiought-iroy shoot. The ^leyatpr 
dnven by a shaft on which is mounted the belt pulley • the dis- 
^Ivmg pan is of riveted wrought-iion of a (;vlindrical form ending 
m a ^nicaUbottom. At the lieginning of the cone is a iHn forated 
false lx)ttom intended to retain the residues from th(* salt, these 
r^idues being run out through a iftanhole. The solution is drawn 
off by a tap, the pan is steam heated. In the early days the 
otassfurt and Leopoldshall factories proceedt‘<l in an appn*cial)ly 
uniform manner, hut laa^- thev have ailopted different nuahods 
more conformahle to the interests of eacli factory. The dTdest 
method, still rni^ch employed, is the following: Tlu‘ dissolving iian 
is first partly charged with water, mother liijuor. which is ter^jgl y, 
with residual* solution 1 (see further on) and with clarilied *iohition' 
III (see further on). After having brought this mixture to the hoil, 
by direct injection of stiMim. the crudt‘ salt is (vd into the i4ey;l!lori 
whilst continuing to Ixiil without interruption ; the eariiallite soori 
dissolves and thereforj; tlu; chmsity of tlie solution increases gradu- 
ally ; tl;^ escaping steam, by a suitable arrangenuMit, sets the li<juid 
in motion and mixes its ditferent comjiomuits. When th(“ density 
of the liijuid, taken on a boiling sample, reaches 32 ' to 33 H., the 
elevator is stopped, tlie steam turiuHl off and tlui solution rij^i out; 
the residue remaining in the pan contains a larg(> ])roportion*of 
kieserite, common salt, and about 2 to 4 per cent of yotash salts. 
In a great numh(*r of factories this residue is again taloui up ami 
boiled with a litth? water; tlie solution Urns ohtaiiM*d ( 1 ) consists, 
therefore, cliiefly of common salt witli a little magmsium chloride 
and magnesium sulj)hate. Its ])otassium content varies ti’om 3 to 
7 calculated as potassium chlpride ; it is us(‘d solely to dissolve fr(;sh 
(juantities of criidt; salt. Tlie proportions of the (lifferent solutions 
as well as the densities vary with the factory. The n'sidues are 
thus more or less abundant and retain more or less salts. The 
best results are obtained by prt^paring solutions of 32 ' H., with 
lower densities they retain i^large amount of common salt; when, 
on the contrary, their density is ^higher, tliey retain less common 
salt and more potassium chloride. 

CUirificatmn . — (jrudc solution as it «t>mes from tlx* pan is 
contaminated with impurities; it is therefore ryn into clarification 
basins, where it remainii for about lorty-fiv(;minut(‘s. These basins 
are redtangular, of rivefed wrought-iron, fitted with two apertuj^s, 
from one of \^hich the clarified solution is run off, and*from the 
other the sludge. To prevent the clarified solution carrying the 
sludge with it, different arrangements have been rniule to rcitain it. 
After the clarified solution has lieen 41111 it is led through a 
wrought-iron gutter into underground ciTstallizers. As the sohnion 
cools in flowing through the gutters, it deposits^a certain amount of 
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• sak csontaining 45 to 50 per cent of potassium chloride. This gutter 
Wt is ifiost generally used in manure manufacture, being generally 
treated afong with potassium chloride of a higher strength. 

^Crystallization, — The crystallizers in which the solution cools 
and forms crystals of potassium chloride are of riveCe^ wrought- 
iron like the clarificatlion basins; they vary in size and shape, 
sometimes flat because the solution cools more quickly therein, 
sometimes deep because they occupy less space and yield larger 
crystals. When the solution is cold, which takes two to four days, 
the pother liquor II is decanted from- the crystals of potassium 
chloride ; it is run off by the gutters fixed under the crystallizers 
into wrought-iron basins or into masonry' ones lined with cement. 
It isr*i»';5d either to dissolve the crude salt or treated directly, as will 
be described further on. The potassium salt which is” deposited in 
the^ crystallizers consists of a mixture of potassium chloride and 
common salt, but contaminated by adhering mother liquor. It 
crystallizes in the same form as sylvine, with this difference that 
the crystals are not always perfect ; their sine depends chiefly on 
the density of the solution of crude salt from which it separates. 
When that has a density of 32' to 33'* B., or a still weaker density, 
crystals, often one centimetre wide, with a pearly lustre, are ob- 
tainedj When thrj solution is more dense, say about 33° to 35° B., 
it torins soft crystalline needles. It is clear that the size of these 
crystals mnst considerably affect the purity of the potassium 
chloride, as attenuated crj^stals must retain more mother liquor 
than large ones, and that consequently the former contain more 
magnesium chloride. The impure, fine, granular salt often contains 
only 60 per cent of potassium chloride, whilst the salt in large 
or^'stals yields on analysis : — v 

TABLE CL— ANALYSIS OF CRYSTALS FROM POTASH SALT 
CRYSTALLIZERS. 

Per cent. 

. 0-0876 

. 1-2468 

. 6-9072 

. 68-lf04 

. 23-5660 

,.99-9480 

It may be remarked in passing that the salt that is deposited^ on 
the sides of the crystallizers is alw^ays more pure than that de> 

< posited at Che bottom. To obtain high strength products, a portion 
of each of the two kinds may be taken, especially for continuing the 
treatment. 

Clarif ying. — As potassium chloride of 60 to 70 per cent strength 


Insoluble 

Magnesium sulphate 
„ chloride 
Potassium chloride 
Common salt 
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18 hardly mpketable, it is necessary to submit it to a further treat- • 
xsieny-^larificatwn. For this purpose it is run into vats teamed 
clarifying vats, fitted with a double bottom covered by clotn or with 
a network of osiers. It is covered with water, so that the waty* is 
2 to 3 centimetres above that of the salt, and left in contact 5 to 6 
hours; then the clarified solution III is run-off througlf a bung-hole 
in the bottom of the vat. This liquid i*uns into a special basin, 
from which it is removed to the dissolving pans by means of a 
pump. The liquid from the above clarification of 30^ B. contains : — 


N 


TABLE CIL— ANALYSIS OF MOTHER LIQroit 

FROM CLARIFICaI’ION 

OF POTASH SALTS. 



Pt^r cmt^ 

Water * 

. 7‘i;M2 

Magnesium sulphate 

. 1‘6.59 

,, rhloride 

. 1 1 -730 

Potassium ,, 

r>-9m) 

Common salt 

8 --169 


loo-om) 


If the potassium chloride be not sufiiciently enriched by a siffgle 
clarification, this opeiation is repeated once or tjvice until t^e salt 
contains at least 80 per cent of dry potassium chloride. THie 
above clarifying liquor constitutes a saturated solution, ^'ow a solu- 
tion of this nature contains at 10' ('. 20 per cent KCl when it is 
prepared from pure potassium chloride, 27 per cent Na('l when 
it is made from common salt. If these figures be compared with 
those of the above analysis, it will l)e seen that the magnesium 
chloride interferes with the solution of both the potassium chlorj^e 
and with the common salt. Now as the object of clarification is 
precisely to eliminate this latter, it follows that a potassium salt 
with low magnesium chloride content, consequently large-grained, 
will be more easy to purify in this way than a salt with high 
magnesium chloride conten^ fine-grained crystals. But clarifica- 
tion is a costly operation because jts object is to redissolve a portion 
of the finished sa^t, therefore to work economically the original 
crystal lizatio If must be done in such a wa]p as to clarify as little as 
possible, that is to say, to nroduce large-gi’ainec^ cirstals as far as 
pcwsible. Starting from the salt analysed |ibove (Table Cl) an 80 
per ceift product woulcTbe obtained by a single clarification, whflst 
a fipe-grained ’salt often requires two, sometimes three,* clarifica- 
tions to get a product of the same strengthf It is clear tj^at by 
this operation products containing per cent or even«more may 
be obtained. • • 

Treatment of the Mother Liquor from the Potassium Chloride . — 
The mother liquor not used for dissolving is conqpntrated by evapora- 
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ticto, for it still contains an important amount of potassium chloride. 
Tit has % density of about 32“ B., and contains : — 


TABLE cm.— ANALYSIS OF MOTHER LIQUOR FROM POTASSIUM 

CHLORIDE. 

c» ^ 

• • 

Per cmt. 

Magnesium sulphate . . ^ . 

. 2-3 to 2-6 

,, chloride 

. 19-5 to 20-9 

Potassium 

. 5*1 to 6 

Common salt ^ . 

2 to 3 


In the evaporation the greater part of the common salt separates out^ 
because it is less soluble when hot than when cold, fit the same time 
a% tkef^ouble salt of potassium and magnesium (schoenite), which 
is only lilightly soluble. This mixture of residual salts often con- 
tains 7'5 per cent of potassium, which corresponds to 12 per cent 
of pota'fesium chloride, or to 14 per cent of potassium sulphate. It 
is utilized either by extracting the common salt from it or by con- 
verting it into manure of low strength. In*’ rational manufacture 
the residual salt should be washed in the pan itself ; for fhis pur- 
pose the mother liquor II is used, as the salt as well as the pan 
itself is still very hot. When the evaporated solution is run off,, 
the nlother liquot with which the pan is drenched heats rapidly 
and then dissolves the greater part of the potassium salt which is 
still contained therein. This solution is facilitated by stirring. 
When the density of the solution determined whilst boiling reaches 
34’5‘ to 35” 13., it is run through wrought-iron gutters into special 
crystallizers, where it deposits not potassium chloride, but a salt with 
tetrahedral crystals, the composition of which is analogous to 
carnallite. If the solution was sufficiently concentrated, the liquid 
which flows from the carnallite crystals (final liquid) only contains 
1 to 1*5 per cent of potassium chloride, and in addition : — 

Pe?' cent. 

Magnesium chloride 26 to 28 

,, sulphate . . . . . . .4 

Common salt . to 4 

In certain factories the brorainp is extracted, in others' the magnesia. 
The artificial carnahite thus obtained is dissolved in water in smaller 
pans than those used, to dissolve the crude isalt. ^The solution 
teeing 32° to 33° B. is run into vats, where it deposits potassium 
chloride |)urer thaq that produced from the crude salt. The mo.ther 
liquo^ of this salt i& added to the first. As the carnallite from 
whence it'^comes contains l^ss common salt than the crude salt,. 
thii| mother liquor yields little residual salt. The salt yielded by 
artificial carnallite i^ washed with a very little water, and then 
yields very high strength potassium chloride (95 to 98 per cei[it). 
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vnv yJhloride of Pot<iS{iium . — In most fa<Jtories potassiiun 
chloride is dried in reverberatory furnaces. In recently erupted* 
factories the drying is conducted in cylindrical tanks luxated by 
steam coils in which an agitator with bladei^ revolves, and a roller 
compressm*. • When the shaft revolves the blades turn up the salt, 
and the roller which follows makes them into a cake a^iin, so that 
the surfaces are continually renewed. When the drying is finished 
the salt is run out through a shoot and bagged up. In a general 
way factories running on the lines describ(‘d alwve are content 
with producing 80 per cenSpotassium chloride ; nirely carrying the 
purification so far as to make 97 to 98 per cent products, althmigh 
the potassium ihlorides dissolved by the clarification can be un- 
covered immediately in the crystallizers, whilst the mothei^^lj^iKii* 
is used to dissolve the crude salt. To obtain 98 per cent salt in a 
simple manner, the method of dissolving the raw salt is modified. 
The mother liquor, the small amount of clarifying li(|uor, aiuHiniflly 
the liquor used to boil the residual salt, are alone used as solvent, 
addition of water being avoided. After having brought the solvent 
8olution*in the pan to the l)oil, the raw salt is run in as before and 
the whole boiled without interruption until the solution tests 35' 
to 36" B. At that density the carnallite in the crude salt eaSly 
dissolves if the liquid be hot enough, i.e. if the steiyn he of sutjcient 
pressure. Certain factories insert an agitator the action of whith 
contributes to mix the solution, consequently to obtain ^ hetti'r re- 
sult from the crude salt. Nevertheless, the residue is soinetirnew 
still rich in potassium chloride, and if this be the case it is boiled 
a second time with pure mother li<juor. The solution so obtained 
is clarified in the same way as in the first method ; on cpoling it 
deposits not {X)tassium chloride but carnallite, which is allowed Jo 
drain, after which it is dissolved in lx>iling water to extract the 
potassium chloride. As common salt as well as kieserite only dis- 
solves slightly when hot in a concentrated soliitioti of magnesium 
chloride, whilst potassium chloride is very soluble therein, it is 
clear that the solution prepai^vl by this process should contain very 
little common salt, and also that^ the carnallite which crystallizes 
therein should contain very little, and the chloride of potassiiyn 
furnished by the latter should he high ttrength. This method, 
however, has the drawbaqjt of yielding a large aijiount of carnallite, 
the removal |,nd soiuti^n of which require .much Ia})Our and steam 
and consequently fuel. This drawback is obviated by diluting fhe 
solution which flows from the clarification vats^with watefi*, so that 
after complete cooling it yields chloride of potassium of high strength 
directly, and no longer carnallite. ly this way the crystallization 
and solution of carnallite are conducted in a Single operation. The 
advantages of this method of working are evident. Instead'of tfeat- 
ing ^s before two different solutions and two (^jfferent salts, only a 
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c sirngle solution Und a single salt have now to be treated. The* 
•potaesijim chloride so produced is so pure that when it is freed fronr 
magnesiitm chloride by a little water it contains only 0*5 per cent 
of ^mmon salt, the remainder being potassium chloride with a little 
moisture and some slight impurities. • ^ 

Potaasiilm Sulphatl . — This salt is manufactured at Stassfurt,. 
by drenching potassium chloride with sulphuric acid and calcining 
in a reverberatory furnace. The reaction which takes place is the 
same as that used in the manufacture of sodium sulphate from 
common salt and sulphuric acid. Fir*?! of all the material heats, 
gas&us hydrochloric acid is given off, and acid potassium sulphate 
is formed according to the equation — 

KCl + H 2 SO 4 = HKSO 4 + HCl 

Afferwc-rds. the temperature continuing to rise, the acid sulphate of 
potassium acts on the remainder of the potassium chloride. A 
new disengagement of hydrochloric acid gas is produced, and finally 
potassium sulphate is left as a solid mass. This reacticfil is ex- 
r prised by the equation — 

liCl + IIKSO, = K 2 SO 4 + HCl 

Since the pptassium sulphate as it comes from the furnace is in big 
lumps, it must be crushed before delivery to farmers. In the same 
way as the price of potassium chloride is calculated on the basis of 
an 80 per cent salt, that of potassium sulphate is based oh a 90 per 
cent saH^ consequently 100 lb. of this product at 95 per cent equal 
lyi lb. at 90 per cent. Potassium sulphate of 96 per cent strength 
is worth about 2^d. more per cwt. on the 90 per cent basis than 
the product which only tests 90 per cent. 

Double Sulphate of Potassium and Magnesium . — This product 
has already been mentioned as schoenite^ but is never found in that 
form ; it is manufactured in large quaijtities from kainit. It consists 
of equivalent quantities of potassium sulphate and of magnesium 
svlphate, and contains in the crystalline state six equivalents of 
water. The method of ^.manufacture varies with the» factories, but 
all processes are b^sed on the fixiviation 9 ! the magnesium chloride 
and common salt fron^ the kainit by hotfsalwae so^jitions. The 
dried ground salt contains about 48 per cent of potassium sdlphate,. 
corresponding to about 26 per cent of potassium, and it is pu^ on 
the market with tHe guarantee of a maximum content of 2*5 per 
, cent of chlorine. This salt i^ much used as a manure. 

It possesses the foHowing composition, according to Mercker : 
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TABLE CIV.— ANALYSIS OF SCHOENITE. {XERCKEU.) 

• JVr 

Potassium sulphate 

Magnesium „ iU-O 

Common salt •. . . 

>%ter ll<; 

• • 

Its potassium content is thea‘fore’C7'2. 


Double Carbonate of Vota^stuni aiul Ma(nu^sium . — The salt 
contains 17 to 18 per cent of potassium ; it consists chiefly, as its 
name indicates, of the carls4)nates of potassium and ma^mesiuni with 
2 to 3 per cent of impurities consisting of potassium cldorid# and 
potassium sulphate. This salt, therefore, contains veiy little 

• chlorine and might perhaps l)e used as a fertilizer for t<)l)acco. lUit 
the price of* potassium is about double in this form to wjiat it is 
in potassium sulphate. 

Potash not only acts as a manure hut it rt'tains the yioifituro 
in the soil. Certain potash salts absorb moisturt* and cake to- 
gether ; kainit especiidly forms very hard blocks like stoiu*. Spread 
in a tifln layer it absorbs 2 per c(mt of moisture in t\vet)ty*four 
hours. • • 

Calcined potash salts absorb from dry air in twenty- four IfBura 
up to 6 per cent of water, in liv<i days 14 per-cent, and un to 24 
per cent in six days. To prevent them caking into a solid iiuifis it 
sufflces to add 2'5 per cent of peat powd(‘r ; the mixtuiv so ])reparod 
keeps for two months without deterioration. • 

Other Fertiliziwj Salts , — The Stassfurt factori»*s sometimes 
make a fertilizer from waste not otherwist^ utilized, b’or tins ])ur- 
pose the sludge deposited at the bottom of thi; clarilicalion pans, 

* which always contains a littly potash, is used. 100 parts oT calcined 
ground sludge contain : — 


TABLE CV,— ANALYSIS OF SLFDGE FROM CLARIFICATION OF 
POTASH SALTS. 


Insoluble (oxide of iron, sand, j/ypsunj) . 
Calcium sulphate . . 

(j:u 

sr,7 

Equal to pfitoHHium. 
5-27 

Double sulphate of potassiuiii and 
magnesium 4 MkSO^ + K.^SO^) 

n»-4r* 

PotasBiunf chloride . ^ • 

#1-01 

0-95 

Magnesium chloride .... 

Common salt ^ * . • 

\^^ate^ aiW loss 

10-24 

45-51 

•1-77 

• 


l(X)-00 

12-f2 ' 


Another product of this kind is furnished by the residual sal4, which 
contains about 12 per cent of potasskirn suljdiate ; as \^e have seenf 
this consists of sludge with a large proportion of common sal^. 

' Equal to 19 35 KCl or 22-54 Bulphafe of potaHh. 
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t •A third salt Itkewise used as a fertilizer is that extracted from 
the {^ttgrs, which when dry contains about 50 per cent of potassium 
chloride, And 45 to 50 per cent of common salt. 

^11 these salts are^ treated in the same way. They are dried 
in a reverberatory’ furnace by heating them to neaAy *the point 
of fusion, then they are* crushed. Brown fertilizing salts with low 
potassium content are rarely met with now on the market. The 
salt from the gutters, dried and ground, is sold under the name of 
“ manure salt, calcined and ground," with a minimum guarantee of 
27 per cent of potassium. Lately a whf>le series of other potassic 
manures has been manufactured, but their high price is an obstacle 
to their sale. The composition of the different Stfssfurt salts are 
' summan’zed in the table on opposite page. , 

Commercial Brands of Potassium Chloride (Muriate of Potash). 
— The principal commercial brands of potassium chloride supplied 
by tne S'tassfurt factories are the following : — 

(а) 70 to 75 per cent potassium chloride (muriate of potash), 
containing on an average 45 per cent of potash (KgO) an^^l per 
cent of sodium chloride, 2*5 per cent of water, 1'7 per cent of sul- 

*phs^e of potash, 0*8 per cent of sulphate of magnesia. 

(б) 80 to 85 per cent potassium chloride (muriate of potash), 
containing on an ar/erage 50 per cent of potash (K.jO), 14 per cent 
of {^odium chloride and 1*1 of water, etc. 

, (c) 90 to 95 per cent potassium chloride (muriate of potash), 

containing 56*9 per cent of potash (K 2 O), 7 per cent of sodium 
chloride and 0*6 per cent of water. 

(d) 97 to 98 per cent of potassium chloride. It is the most 
concentra^jed product. For this latter certain factories guarantee 
noti more than 0*5 per cent of sodium •chloride, for which an extra 
charge is made. 

The selling price for all sorts is based on 100 kg. (220 lb.) at 
80 per cent, bags included, that is to say that products with a plus 
value are brought to 80 per cent by calculation. An example will 
make this custom clear. Suppose tlrat the price of potassium 
chloride of 80 per cent be 9*40 francs, bags included, say Ss. 9d. 
the owt. If the muriate bought is of a higher strei^gth (say 95 
per cent) it will cost Il’t^ frarv’^s (say 4s. 6d. the cwt.), that is to 
say, 100 kg. (220 lb<) of muriate at 95 percent strength correspond 
to 118*75 kg. (261*25 lb.)«of 80 per cent muViat5. It fc clean that 
the price increases proportionately with the purity of the muriate. 

As to slilphate of , potash the price is calculated on a 90 per cent 
basis. Consequently *100 kg. (220 lb.) of this product at 95 per 
fOent equal 110 kg, (242 lb.) at 90 per cent. Sulphate of potash 
of a guaranteed strength of 96 per cent is worth about 0*50 francs 
(4*8d0 more per 110 k,g. (220 lb.), or 2^d. more per cwt., than the 
sulphate, which onlyrtests 90 per cent. , , « 



TABLE CVI. -COMPOSITION OF STASSFURT POTASH *S ALTS. ^ 
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, Pema/rks on tM Use of Potash Salts as Fertilizers . — As already 
sten, Jhe Stassfurt mines furnish crude salts and refined salts as 
fertilizer#. • Which should preferably be used ? This question is of 
great practical importance, and farmers have veiy little doubt on 
the fnatter, if we are to believe the emphatic puffi of kainit 
dealers and the other societies “ for the encouragement " (^-called) 
of the diffusion of manures. Ifi the last thirty years the con- 
sumption of potassic manures has progressed considerably, but 
instead of using pure salts the farmer has chiefly used the crude 
salts, kainit and carnallite. As will be s^en in the analyses given 
below* crude potash salts contain, besides potash, sodium chloride^ 
magnesium chloride, etc. ; in fact, they contain much#more chlorine 
the(^ jjpl^sh. 

The fallowing, according to analyses now old, are the'potash and 
chlorine content of crude Stassfurt salts : — 


TABLE evil.— CHLOBINE CONTENT 

OF 

CRUDE 

« 

POTASH 

SALTS. 



Percti 

Potash, 

KjO. 

utage of 

Chlorine. 

— 

Parts of 
Chlorine 
per 100 
parts of 
Potash. 

* 

l^ieserite 


7-44 

34-67 

460 

Carnallite 


9-78 

37-03 

378-6 

Ordinary fertilizing saltK 


12-22 

30-53 

250 

Kainit 

. i 

12-76 

31-21 

244-5 

Sylvinite * 

. 1 

23-04 

44-39 

192-7 

Feftilizing salt, good quality . 

r 1 

31-55 

52-33 

166-9 

Muriate of potash, 80 per cent. 

. j 

52-05 

48-68 

93-5 

M M M 90 „ . . . 


58-37 

47-67 

81-6 

*. t> M 08 „ . . . 


61-48 

46-95 

75-9 

Double sulphate of potassium and magnesium 1 

27-22 

1-52 

5-5 

Potassium sulphate, 00 per cent 

. 

49-93 

2-23 

4-5 

M „ 96 „ . ., 


52-68 

0-56 

1 1-0 

Carbonate of magnesium and potassium, 

• 

17-18 

? 

? 


_____ 

- - 

• 

' 


More recent analyses of "kainit in the* agricultural experiment 
stations have shown that over a long perSnl the proportipn of 
chlorine has been continually increasing. , 

Thus, in 1895, B.fSjolleraay found 35’8 of chlorine. In 1896, 
Adolph^ Mayer found still higher figures. In 1908, chlorine and 
potash were estimated in fifty-mne samples. A single sample alono' 
gave ^h6 ^me chlorine *conteTit as formerly, while the others were 
as follows : — 
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5 samplee 
18 
24 
9 

M 


. Per dnt, 
. 80 to 85 
85 to 40 
. 40 to 15 
. 45 to 50 
over 60 


It is, therefore, established that kainit has not the same composi- 
tion as formerly. It would appear to be mixed with minerals rich 
in potash and with a high chlorine content. A more complete 
analysis of kainit showe^i that some samples contained only 1’50 
per cent of sulphuric acid. Potassium chloride (muriate of potash) 
contains 50 per cent of potash and 50 per cent of chlorine. In a 
number of samples of kainit^ the chlorine content was also 50^er 
cent, but ^e potash content was only one-fourth of thp amount 
contained in potassium chloride. This l)eing the case it would he 
necess^-ry to use four times as much of a manure of thjjj kMid ta 
obtain the same result as with muriate of potash. But the high 
percentage of chloiane in crude potash salts has other drawbacks, 
not nflnimized by the fact that it has been forgotten to point them 
out. Chlorine exerts a disastrous influence on the physical coit 
stitution of the soil and on vegetation. Moreover, it caniftt be 
denied that the secondary salts which accompany th^ potash 
strongly attack the reserves of fertilizing ingredients in the# soil. 
The potash is evidently absorbed by the soil, if it be j^upplied to it 
as chloride or as sulphate of potassium ; the potash combines with* 
the silica of the silicates of lime, soda, and magnesia, whilst the 
secondary elements, such as the chlorine in muriate of potash and 
sulphuric acid in sulphate of potash, combine with limc^ soda, and 
magnesia. In the first pl/ice, calcium chloride is formed, in the 
second, calcium sulphate. But as calcium chloride is very soluble 
in water, it is carried by it down into the depths of the soil, and 
is thus lost to the crop. This fact agrees perfectly with another 
fact which his been established, viz. that potassic manures, es- 
pecially the chlorinated ij^anures, rob the soil of its lime ; thus 
100 kg. (220 lb.) of kaifiit, cofHaining 31 kg. (78’2 lb.) of chlorine, 
cause the soil to Jose 100 kg. (2*20 lb.) of lime. It follows, therefore, 
that the U8% of potassic manures^entailwalso the use of calcareous 
manures. Mercker advises to apply to the sojl as much quick -lime 
as pptash ^Its. • It thus follows that tjie comparative cheapness 
of crude pojash salts, such as kainit and sylvinite, is nothifl^ but 
^ snare, because, to take everything into account, the price of these 
salts ought to be increased by the price •? the lime, the loss of 
which they entail. In marshy lai^ the simultaneous application 
of lime is particularly necessary. 1® sucl# soils, in fact, the potasri 
salts are rapidly robbed of their acid in such a way that*in the 
al)^ence of lime the chlorine forms free fiydrochloric acid, which 
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poisens the plant. Lime, moreover, is an indispensable corrective 
to the^ secondary effects which crude potash salts never fail to 
produce, ihe most important of which is the prevention of nitrihca- 
tion m the soil. Holdeffe’iss, in experiments with farmyard dung, 
completely suppressed its action by means of potash iall^. The 
solvent action^ exerted the secondary salts of potassic manures 
is very well brought out in Lawes i^nd Gilbert's experiments. They 
even obtained an increased yield with salts free from potash. The 
plots experimented on received eveiy year from 1854, 4 kg. of 
sulphate of ammonia and 350 kg. of superphosphate. The following 
amouni of salts w'ere added per hectare : — 

• 

TABLEfOr, in.— EFFECT OF SOLUBLE MINERAL SALTS ON GRAIN 
. CROPS. 


Weight of Crops in Kilogrammes per Hectare. 




-70. 

1870-89. 

189(J. 1 


Grain. 

Straw. 

Grain. 

S* traw. 

Grain. 

Straw. ! 

1 

No salt . . , . ; 

1868 

i B404 

1417 

2543 

2036 

3737 

400 kg. sulphate of potash . ' 

2205 

i 4114 

1780 

3100 

2500 

4585 

,, 1 , «, soda . ' 

2275 

' 4240 

188.8 

4674 

2775 

5602 

„ ,, ,, magnesia 

2289 

4051 

1882 

! 3291 

2369 

4333 


Ij will be seen from these figures that salts free from potash 
have in several cases furnished yields heavier than with the pure 
potash salt. These salts, therefore, have mobilized the reserves of 
fertilizing ingredients in the soil, so as to bring them to the support 
of the plant. The soil has thus been, in a way, robbed of its 
normal reserve in favour of a few crops. This robbing of the soil 
would have been demonstrated in a more serious manner if the 
investigators, instead of using sulphates, had used chlorides, because 
then it would have been ntensified by loss of lime. In fact, 
although not stated, here again the nutritiv^e substances of plants, 
including phosphoric acid, may be rendered^ soluble ^d conse- 
quently carried down into the depths of the soil. The same 
phenomena must perforce occur with kainit, sylvinite and carnalj 
lite, the comparative low proportion of pure potash salts making 
their action almost nil compared with that of the secondary salts 
which accompany it irr these products. There is here a very 
interesting subject for study by agronomists. It would be specially 
useful to find if drainage water contains fertilizing substances in 
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those cases where crude potash salts are us^. Amongst tftese 
fertilizing substances, phosphoric acid, may be found, for we mu^! 
not forget that phosphate of lime is soluble in a great, iluniber of 
saline solutions. There might also be found in the drainage water 
as much potash as was spread on the sorl, and if such wei% the 
case it Aould prove that the use of crude potash Si^Jts as manure 
would be absolutely illusory. It is probable that no delay will 
arise in discontinuing the use of crude potash salts, using only the 
pure potash salts, in spite of their higher price, when the devastat- 
ing action of the seconda||y elements which accompany the potash 
in the crude salts is realized.^ » 

Potash Saits Dejwsits of Alsace —De\)os\t^ of potash have been 
discovered in Alsace. They consist chiefly of sylvinite. According, 
to report ftom the President of the district of Upper i^fsilce, the 
deposits of rock salts and of potash occur in the Tertinry System. 
The territory in question extends over an area of about 2(j0 knu 
(125 square miles). It is bounded on the north by the line 
Regisheim-Soultz, ^o the west by the line Soultz Perrweiler- 
Schwfighausen, to the south by the line Schweighausen-Neider- 
morschweiler-Ile •Napoleon, and to the east by the line Ijp 
Napoleon-Ensisheim-Kegisheim. The total thickness ol tM.^ de- 
posit is estimated at 200 metres (65G feet), and the beds of potash 
salt are included therein, fairly regularly. These deposits appear 
destined to play a part in the German potash industry'. 


German Potash Industry. 

Quantiiies of Potash Salts in Double Jluiidreduriylitsof Potash 
(K,,0) raised in Germany, 'll' it h Home Consumption and \ alues^. 



HU 3. 

1911. 

191.5. 

191*). 

1917. 

j 

' Exported . 

5,055,1100 

3,084,200 

1,191,500 

1,570,400 

1,305,890' 

. Home consumption . . : 

.0,<>40,J80 

5,357,110 

5,008,250 

7,200,500 

8,730,960 

Total . . • . . i 

11,103,094 

9,039,883 

0,797,704 

8,839,759 

I0,04fi,850 

• 

; Value, Millions of marks 

1 , 

i 202i 

f 1C4J 

1 iVi 


230 i 


J Whilst muriate of potash shonld be used sparingly and with the greattst 
jisoriminatioD, kainit when fairly free from chlorinj'^^s a safe snd most Miluable 
manure, especially for potatoes. The translator considers it f oundjp)iictif!e to 
add 1 cwt. to 2 owts. of such kainit per ion to all compound Inanurts, tbat»iB 
when it can be done without lowering the p*r(Mjnta|;e of the phosphoric acid and 
nitrogen below the minimum guarantee. JL^otatoes respond in a \ Ay ronarkable 
manner to such a manure. — T b. * 
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, According to tbe “Chemical Trade Journar* (Jan. 28, 1911), 
there ;were at that date 69. works engaged in the production of 
potash sflHs, and in several cases purifying or preparing it for 
marljet. In addition, ttiere were 79 works in process of construc- 
tion and 25 more under course of promotion. Twentjafour firms 
are engaged jJartially or entirely in the prospecting and boring for 
potash minerals, so that altogether 197 firms are employed directly 
in the potash industry. 

The number of syndicated works and the total sales and values 
are given in the following table : — 


Gkkman Potash Industry. 


2'otal Sales of Potash Salts in Terms of K.,0 and Values. 


Yc*ar. 

r 

r 

. 

No. of 
Syndicated 
Works. 

Total Sales. 

Average Sale per 
' Syndicated Work. 

Quantity 
(I)op. Zeut). 

Value 

(Marks). 

Quantity 
(Dop. Zent). 

Value 

(Marks). 

1000 

12 

2,942,640 

56,230,316 

245,212 

4,685,860 

1901 

'19 

8,828,890 

59,128,509 

175,205 

3,112,027 

l'902 

2a 

8,097,586 

66,889,087 

134,075 

2,473,439 

looa 

27 ! 

3,683,288 

64,108,854 

130,801 

2,374,402 

1904 

27 

4,191,422 

74,077,764 

129,312 

2,743,621 

1905 

, 28 

4,882,082 

81,042,749 

172,590 

2,915,812 

1900 

84 

5,474,480 

91,083,987 

161,013 

2,696,588 

1967 

40 

! 5,577,540 

93,422,1174 

139,439 

2,335,552 

1908 

49 

5,915,761 

97,813,218 i 

120,730 

1,966,188 

1909 

50 

0,758,818 

110,605,730 

123,000,000 

120,595 I 

2,080,459 

1910* 

05 

8,000,000 

! 

123,077 i 

1,892,307 


In 1918 Dr. Paul Kestner gave' a fnost important address in 
London on the Alsace Potash deposits * from which the following 
notes are taken : — t . c 

Coimimption of Potash Salts. — The amount of potash salts 
applied to the land in different countries amounted to kilos 
per square centimetre in (jermany, 183*9 in England, 9o in Fr’ance 
and 128*9 imthe United States, the total amounts consumed being 
given in the following W.ble : — 


^ EBiimated. 


Joutr Soo. Ghem. Indt.," 19X8, T. p. 291. 
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Year. 

Gernianv. 

Kilos; 

1 United States, 
j Kilos. 

Euglaud. 

Kilos. 

France. 
Kilos. , 

1 i#io 

359,335 

r 

i 244,910 

18’,258 

22,849 

f 1911 1 

422,340 

i 237,442 

‘^,902 

26j468 

1 1912 

463,383 

1 ‘215^65 

23,414 

31,691 

1913 

: i 

536,10*2 

231,^89 

23,410 

33,115 


North German Deposits. — Alx)ut the year 1850 a most important 
discovery of potash salts was made at a depth of about 260 vietres 
in the rock sal^ mines at Stassfurt. The value of potash salts in 
agriculture was not at that time realized, and it was only later that 
the depositif were worked for its extraction, the rock salt l^erfig the 
object of attention. Soon, however, companies began to be formed 
for the working of the potash-bearing minerals and th^se Mere 
gradually multiplied until there were quite a large number of 
workings, not only aj Stassfurt but also in other parts of the district 
comprised in the Duchies of Brunswick, Hanover, Mecklenburg, 
and Thuringia. The first workings were started in 1862, while b}i 
1907 there were 39 companies engaged in the industry, these i^eing 
amalgamated into one large syndicate or trust, which was very well 
known, under the name of the Kali Syndicate^, owing to the ,fact 
that it held practical control of the world’s supply of potash 
salts and regulated the amount of material to he raised, the amounts ' 
to be allocated for home consumption and for export, and th(^ prices 
to be paid. Owing to its well organized methods of propaganda 
among the farmers the production of potash salts rose rapidly from 
year to year, amounting in the aggregate to 11,607,000 tons, half of 
which was reserved for home consumption. During the war Very 
little was exported. 

The composition of the salts given by Dr. Kestner is somewhat 
different to those already quoted. The most important is sylvinitc, 
a mixed chloride of potassium and sodium, containing 26-3 per cent 
of potassium chloride, but diisiis rather scarce in the North German 
deposits. Kainite is a mixture cff potassium chloride and niagnesium 
sulphate coataining 26'6 per cent of potasyum chloride. “ Hartsalz,” 
a mixture of potassium and sd&ium chloride with magnesium 
sulphate, contain^ 21*51 per cfent of potassium chloride ; carnallite, a 
double chloride of pofassium and magnesfum, contains 15*5 peiycent 
of potassium^chloride, while polyhalite contains varying>proportion8 
of the sulphates of potassium, sodium, and cjtlcium. 

The great majority of the salts from the North German Hieposits 
contain a high percentage of magnesia^ for which reason they require 
to he refined before they can be i^ed in agriculture. - For this 
purpose huge refining factories have been Established by the syn** 
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dic^te jhe preg^ration of salts containing a fixed proportion of 
^tassium chloride. ^ / • 

Afsatioii Deposits . — In 1904 the potash deposits of Alsace were, 
discovered. These contain much richer salts than those of Stassfurt 
and filthough companies were formed to work them it \^s not lon^ 
before the powerful Nortji German syndicate obtained a ccfhtrollin^ 
influence in these concerns and ^practically strangled the industn 
so as to remove any danger from competition, and by this meani 
secured a practical monoply of the world's supplies, which the} 
fondly hoped could be made a very formidable weapon in am 
troubte with other countries. The Alsace deposits cover an area o 
about 200 square kilometres ( = 78 square miles) in the North- Wes 
of Mulhouse, between the Jura to the south, the Vosges to the west 
ana tffe^^hine on the east. The deposits are found aff a depth o 
650 to 1000 metres and consist of two beds, the lower one beinj 
the iriost^ extensive in area and in thickness, averaging 4 metres 
The distance between the two beds is 15 to 25 metres, and the; 
are covered with a huge bed of rock salt jj-bout 240 metres ii 
thickness. The salts consist mainly of pure sylvinite, th#uppe 
Jied containing on an average about 35 per <cent of potassiun 
chlofide and the lower 30 per cent. The total capacity of the two 
layers is estimated at about 700,980 cubic metres, equivalent to 
1 , 472 , 068,000 tons*^ with an average content of 22 per cent of 
potash (K 2 ^J» other words the deposits represent 300,000,000 
•toijs of potasn, which is sufficient to supply the world’s requirements 
for a good many years. The purity of the salt far sui^passes those 
of the Stassfurt area and, in fact, is superior to that of any other 
known deposits of importance. It is, in fact, sufficiently pure to bo 
suitable for use in agriculture without being refined. The first 
borihg undertaken was near Wittelsheim in 1904, coal being the 
object sought. At a depth of 358 metres beds of rock salt were 
discovered. The boring was continued to a depth of 1129 metres 
without any coal being found and the potash deposits were passed 
through without their presence being observed until later it w^as 
discovered in some of the material P3m6ved. A company was then 
formed to exploit this discovery and 165 borings were made in the 
district. Working in thec.first shaft was commenced in 1910, and 
already 15 shafts have been suiik. The powerful German Potash 
syndicate, fearing the result of competition, ^btcdned a^ controlling 
infli^3nce in these deposits, and in order to pfotect their own'com- 
panies, imposed many restrictions upon the Alsace Aiines, only*5 
per cent of the total potash production in Germany being allowed 
to be raised Jlierefrom. The remarkable anomaly there exists that, 
owing to the short-sighted pblicy of the German magnates, the 
richer deposits in the world have had to be handed back to France 
almost untouched. 



POTASSIC MANUBES 


337 


Galician Deposits . — Deposits of potash hav^ been \Jorke(J in 
Galicia, for several years, but they do not appear to be of any glealf 
importance since they are unable to supply the whole of require- 
ments of Austria-Hungary, which in 1913 imported 21,000 tons of 
potash from Germany. • ' 

Spardsli Deposit . — A deposit of potash salts wj^s discovered 
just prior to the war at Suria, in Catalonia, where rock salt mines- 
were already being worked. Several borings were made and 
deposits were located at depths between 121 and 197 feet, others 
were also found at 420 feet and also at 880 feet — the greatest depth 
to which the borings wei^ carried ; below this again is ro(Jc salt. 
The deposit comes to the surface at Cardona where there is actually 
an outcrop in several places, and a stream running near the salt 
mines contains a notable proportion of potash, which has tf^fdeStly 
been running to waste for a long time. The deposits seem to be 
fairly extensive but, owing to the irregular geological foryiati#n of 
the country around Barcelona, the amount of potash salt that can 
be mined cannot be determined with any accuracy. In the area 
in whj^jh the borings have been made, extending over 2,690,000 
square feet, the dtyjosits are 260 feet thick, and contain 70 feet o^ 
carnallite with 12 to 20 percent of potash, and 33 feet of sylwnite 
containing 9'5 per cent of potash. It is estimated that there is 
approximately 255,000 tons of carnallite and* 1,150,000 *10111^ of 
sylvite.- From a survey of the region it is regarded as probable 
that further deposits are likely to occur in the neigftbourliood^of' 
those already discovered. Tlie beds are, however, not continuous, 
and, unlike those of Alsace, which are nearly horizontal, they are 
steeply inclined, which adds very materially to the diOiculty of 
working them. The original concession, granted to fl Franco- 
Belgian company at Suria* and Cardona is apparently the fhost 
valuable, being 10 kilometres in width, 12,000 hectares in extent, 
and now covered with 12 shafts 300 to 850 metr(;s in depth. 
A shaft was being sunk which in 1919 would be capable of 
yielding 1000 tons of salt per day. A concession has also been 
granted to another company ^vhich has .alr(!ady sunk 3 shafts at 
Cardona. • * 

Italidn peposit . — At Plrythrea a layer of potash salts has Ifeen 
discovered in what appears to be the beu of an ancient lake. It is 
extremely rich in potash saUs, containing as fnuch as 80 per cent 
•of potassiiitn chlo*rid«. A company are ftow working the dejiosit, 
apd it was estimated that the output for 1918 woulj be 50,000 
tdns. 

Indmi Deposits . — Potash deposits have been found^in tlie Mayo 
salt mine at Kheura, Punjab, the cWef minerals being langbeinitS 
(K5,S04,2MgS04), and sylvite. Avefage samples takei^ from the 
Pharwala-Sujowal, Buggy, and Nurpur seams showed respectively 
22 
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8’Of ll’Qlind ll'3^er cent of potash to be present. These deposits 
liaise not yet been worked for potash manufacture.^ 

SAU ij(^ke8. — Sea water contains a small quantity of potash salts, 
and where the heat of .the climate is considerable common salt 
can ^ obtained by solat evaportion of the water in shgillow tanks, 
or better, by* pumping over brushwood stretched upofi a huge 
frame of wood. After the crystjjlizafion of the common salt the 
mother liquor or “ bittern ” contains sufficient potassium chloride, 
bromine, etc., to make it worth while extracting them. At Salin 
Girand there are 123 acres of earthen lagunes and 40 acres of 
cemei^ed tanks. The water is concentrated by a combination of 
Balards' and Merles’ processes to a gravity of 35°^ B. After the 
separation of Epsom salts, which occurs first, there is a deposition 
of mifb& salts containing magnesium sulphate and common salt. 
TThe motner liquor is drained into a large tank in which it is re- 
tfrigeuatecj., whereupon carnallite (KC^MgCU + 6H.,0) separates 
•out On washing this with its own weight of cold water most of 
the magnesium chloride dissolves out, with but little potassium 
.chloride, and the residue then contains 75 per cent of potassium 
.chloride. 75 cubic metres of sea water yield pne cubic metre of 
evaporated brine of 28“ B, from which is obtained 10 kilogrammes 
.of potassium chloride. These works have an output of 900 tons 
potftssihtn chloride per annum. 

United States Deposits . — Deposits of potash salts have been 
"!fo\iind in seVeral of the salt lakes in the United States and are 
lovidently being continuously formed by the solar evaporation of the 
water. These salt lakes, having practically no outlets, and there 
being also very little rain in the districts, the water which finds its 
way into 'the lakes rapidly evaporates, becoming more and more 
salty until finally it is saturated, and tne salts crystalize as a crust 
•which forms a solid deposit on the bottom and gradually 
grows in thickness. No doubt all the salt deposits of the earth 
have been formed in this way, alternating layers of common salt, 
magnesium and potassium compounds, gypsum, etc., being found 
in many of them. Several lakes of ^his kind are found in the rocky 
mountains in the States of Nebraska. Utah, and California. At 
Searles lake in California*. the American Trona Company, which is 
largely a British corporation, are engaged in concentrating the 
water, and extracting potash salts from it. Considerable reserves 
of Material have been accumulated, and when the pi^Ojected ex- 
tensions ara completed it is estimated that the daily output of salts 
will be equivalent to 4)0 tons of potash. A company is also erect- 
ing a plant^^at Keelar, on the shores of Owen’s lake, California. 

* #■ “ Imp. Inst. Bulletin, ’M915. 

*C. G. Cresswell, “ Jour. Soo. Chem. Indt.,” 1915, p. 388. 
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Two works are also being started at the Gimt Salt £ake.^' In 
Nebraska several of the more salinp sand-hul lakes are iJeing 
opened out at Hoffland, Antioch, and Lakeside. The brii^e in these 
lakes is found below a thin layer of hardpan at the bottom of the 
lakes-. Itjs pumped to the evaporating ^ant which consilts of 
evaporating pans and rotary driers. Th« salt is sold in the crude 
state, one sample of the material paving the following composition : 
Water 2*14, potash (K 2 O) 27‘35, soda (NajO) 28*39, carbonic acid 
(CO. 2 ) 22*44, sulphuric acid (SO3) 16*77, and chlorine 2*02 per cent.“ 
In other cases the brine is evaporated by spraying it into an 
oil fired furnace, similar t5 those used in the manufacture of (»ment, 
or it is dried Jp a clinker, which, w*hile still in a highly heated state, 
is sprayed wit^ the brine, which causes it to fall into a crumbly nmss! , 
In the Nebraska region potash salts, containing 25 pCT*cent of 
potash, are being produced at the rate of 32,000 tons of K.^ per 
annum. Previous to the war the consumption of pota^ saUs in 
the United States was 275,000 tons per annum, whereas in 1916 
the total home production was only 9720.^ There are also several 
solar fvaporation plants on San Francisco bay. 

Chilian DeposUs . — In the province of Tarapaca, there are deposi^p 
of potash salts in the lakes Pintados and Belle Vista. Thes^akes 
have a total area of about 100,000 acres, and are only three miles 
from the railway which runs from Iquiquo to Lagunas. The^lts 
occur in the form of a crust on the surface of the brine and contain 
from 3 to 36 per cent of potassium chloride. The density of ^he* 
material is about 1*352 and the average thickness 20 c.m. It is 
estimated that there is a reserve of 2 million tons of potassium 
chloride. The brine underlying the crust of salts contains 8 kilos 
of KCl per cubic metre. After removal of the crust it a*gain forms 
in 8 to 12 years. Analysi8*of an average sample of the salts *gave 
the following figures : Potassium chloride 14*15, sodium chloride 
51*45, sodium sulphate 29*39, sodium carbonate 0*32, calcium 
sulphate 0*93 per cent with only a trace of magnesium.* 

Tmiisian Deposit . — In Tunis also there is a salt lake to the 
south of Gabes, which sinc^ 1915 has been worked both for potash 
and bromine. The brine is evaporated by solar heat. In 1917 
20,000 ton%of salt was obtained from tjps source, but this will be 
increased to about 100,000 tons ^^hen the installations in course of 
completion are jvorkirfg. 'The salt is known as sebkainite and 
‘contafins 46 per cent* of potassium chlorfde. Refineries hav^been 
installed for the production of pure potassium chloride* 

In addition to the sources already mentij^ied there are deposits 

^ “ U.S. Geol. Survey,” Apl. 191^. 

*R. P. Crawford, “ Eng. and Mia. Jour.^” 1917, p. 777. 

’ E; E. Thum, “ Met. and Chen^ Eng.,” 1917, p. 693. ‘ 

*S.vSalcedo, ”Eng. and Min. Jour.,” 19F5, p. 218. 
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in ^eru, Russia, l^Jorocco, the Province of Overyssel in Holland, 
apd al 80 in Sicily, tione of .these, up to the present, having been 
exploftedf • 

' Manufacture of Potash from Felspar and other Potassic 
Minerals . — The felspar !s finely crushed, beaten up with^water* then 
run into a wooden vat placed in a large receiver of any inaterial. 
The outside receiver is then filled; the inside receiver is then con- 
nected with the positive pole and the outside receiver with the 
negative pole of an electric current. This partially liberates the 
potash, the soda and the other soluble bases, freeing them from the 
compcttinds which they form with silica. ' The soluble bases traverse 
the wooden wall of the interior vessel and pass into tl^e water of the 
extprior .vessel which they render alkaline. However, the felspar 
soon ceases to decompose. To render the decompositionomore rapid 
and more permanent the mass in the interior vessel is continually 
stirred oi; hydrofluoric acid added. To obtain nitrates, sulphates, 
and chlorides, in place of caustic alkali, it suffices to add the corre- 
sponding acids to the water in the outside receiver. American 
patent No. 851,922 of April 30, 1907. t 

Production of Potash from Mineral S'owrc*e.5.-7-Several minerals, 
suchSis felspar and mica, contain sufficient potash to make it worth 
while extracting it if only some simple method of treatment could 
be devised and that a use could be found for the large amount of 
residual matter which would result from its treatment. 

I Potash felspar, or orthoclase, contains about 15 per cent of K^O 
and potash mica or muscovite 8 to 11 per cent, and many processes 
have been devised or patented for their treatment. 

It would not he possible here to enter vei y closely into the details 
of these processes hut reference may be made to a monograph on 
the subject prepared by A. S. Cushman and W. Coggleshall, read 
before the 8th International Congress of Applied Chemistry.^ 
Both Cushman -^ and CoggleshalP have taken out patents in 
America for the extraction of potash from felspar. 

In Cushman’s process the finely powdered felspar 100 parts is 
mixed with 20 parts of lime and 10 t6' 20 parts of common salt. 
This mixture is fed on to a revolving drum in a thin layer, and is 
sprayed with a strong solytion of calcium chloride, whjich cements 
the powder into “ clumps ”. Th^ “ clumps ” are heated in a rotary 
kiln with a blast of air and powdered CDal.* ,The^ product contains 
aborh) 6 per cent of solublfe potash and is used' direct as^ fertrlizer,’ 
no attempttfbeing made to extract the potash. Another procegs 
described by the abovfe*,authors consists in heating powdered felspftr 
|nd burfit liipe in a rotary kiln, lixiviating the product with water, 

" ^ * “ Jour. Ind. Eng. Chtiin.,” 1912, 821. 

U.S. Pat. 981 ,436. =* Ibid., 987,544. 
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and evaporating the solution by sprajnng it into^he hot gases *and 
then in a rotary drier. The residue contains 70 to 80 per gent pi 
KCl and 14 to 16 per NaCl, with small amounts o^ lime and 
moisture. 

Rhodin#i states that when 40 parts of slaked lime, 40 parts of 
salt, ana 100 parts of powdered felspar ai^ heated to*900‘’ C., 80 to 
90 per cent of the potash present m converted into chloride. A sub- 
committee of the Government’s Fertilizers Committee have ex- 
amined Rhodins’ pi’ocess and were favourably impressed with it, 
various felspars yielding to 75 of their potash in soluble form.'** 
Ward and Wynant,^ Thompson,^ Newton, H. Blumenbei-g,^ and 
others, have also taken out patents for the extraction of potash from 
potash-bearing rocks. * 

At a meeting of the Institute of Mining and Metalliu’gy, E. A. 
Ashcroft gave the details of a process in which the hnely-crushed 
felspar is heated with common salt to a temperature ^ 960° to 
1000° C. out of contact with air and moisture. 

^NaCl -f K 2 GAip.^( 8 iO), = Na 20 A 1 .. 0 .,(Si 0 ),. + 2KC1 
The products are potassium chloride and soda felspar. The latter 
being insoluble in water the potassium chloride can be leache^J ouf ; 
it contains some sodium chloride. With a felspar containing 
8 per cent of KjO, 87 per cent of it could be exkacted. The author 
mentions that although E. Bassett took out a patent in 191^ for 
this process it was never successful, because he did net realize that 
in order to get efficient results moisture and air must be excluded. 

Manufacture of Potash from Alnnite . — Alunite is a hydrated 
double sulphate of aluminium and potassium, KA^SO^^^ 
OH)g. It occurs in the form of a mineral i« volcanic 
districts. In the Lipari* Islands, Auvergne, and the laie of 
Milo, in Europe, and near Mary’s Vale, Utah, in the United 
States. The latter deposit occurs in the form of a large vein 6 to 
20 ft. thick, penetrating the volcanic rock at a stf*ep inclination. 
The mineral contains 9*7 to 10'5 per cent of potash. Taking the 
average thickness of this. deposit as 10 ft^ over a length of 3500 ft., 
the outcrop has a surface area^f 35,000 sq. ft. and it is calculated 
that the total awnounts to at least 300,000 short tons, equal to 
30,000 tons of potash." • • 

A similar mineral ^o the above, known ^s Galafalite,” has 
beei> fou»d neaf B^nahabux, 6 miles •from Almeria, Spaii^ and 
<Joncessionsthave been granted over 2470 acres. 

• On ignition alunite decomposes, formiiag potassium sulphate, 

* • 

' Eng. Pat. 1899, 16,780. ‘•.Jour. Board Agric.,” 1917, 1087. 

Eng. Pat. 1857, 3185. * U.«. Pat. ^911, 995,105. 

’Eng. Pats. 1854, 1211 and 2421. • * 

« U.S. Pat. 1917, 1,214,003. ' “ U.8. Oeol. Survey, Bull.” 511. 
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^nd.alumina, whith latter is insoluble in water, in tnis state it 
can used as a fe^ilizer or can be treated for the extractibn of 
the potadh*salt. Sulphate of potash prepared from alunite was 

« on the market in, the United States by a company working 
siry’s Vale deposit. ‘ c ^ ’ 

Potash frhm Blast Furnace Gases, — In 1884 a patent was 
granted to Hugh Barclay and B^ert Simpson of the Harrington 
iron works, Cumberland, for the recovery of salts, especially those 
of potash from coke-fed furnaces.^ 

In 1914 a Halberg-Beth plant for the separation of the dust from 
blast ffernace gases, installed by Fraser and Chalmers, Ltd., at the 
» works of the North Lincolnshire Iron Co., Ltd., wa^ brought into 
• operatipQ, On investigation it was found that this dust contained a 
large quaihtity of potash and cyanides which had been* volatilized 
from the charge. Owing to the shortage of potash salts it was felt 
that fnis discovery was of the utmost importance, and arrangements 
were entered into with the British Cyanides Co. Ltd., to carry out 
investigations with a view to the manufacture of potash salts from 
this dust.2 ** 

r A sample of the dust gave the following figures on analysis : 
Soluhie in water — potassium cyanide 5*58, potassium carbonate 
14*66, pptassium bicarbonate 23*23, potassium sulphocyanide, trace, 
pota/ssiura sulphate 1*13, potassium chloride 10*90, sodium carbon- 
ate 3*97 per cent, ferrous cyanide 0*48, zinc and lead as sulphides 
0*36 per cent. Soluble in hydrochloric acid — magnetic oxide of iron 
11*68, zinc sulphide 2*23, calcium carbonate 10*39, magnesia 1*05, 
also silica 8*91, and carbon 2*18 per cent. 

It was , found that the whole of the potash in the charge was not 
volatilized under the conditions prevailing in the furnace, and 
experiments made with a view to increasing the yield met with very 
considerable success. Thus it was found that by increasing the 
amount of lime in the charge and at the same time raising the heat 
the amount of potash as carbonate in the flue dust increased from 
40 lb. of alkali per million cubic feet of gas to over 100 lb. and even 
. as much as 140 lb. It was also disjfovered that common salt had 
an Qven more beneficial effect, the (mlorides in the gas increasing 
from about 30 lb. to 200 lU' per n;*illion cubic feet, the r&'tio of soda 
to potash, i.e. 1 to 9, iwas not affected, and tl;>e total potash was thus 
raised from about 60 lb. tq 200 lb. per million‘'pubic feet.c A pg.tent 
was fkken out for this process ^ which works quite satisfactorily and 
gives no troVible whatever. The extra cost entailed in this proceSli 
is that due to the salt; i.e. £1 per ton of salt or 15s. per ton of 

' i R. A. Berry and D. N.^oArthdr, ” Jour. Soc. Chem. Indt.” 1918, 1 T.. 

* Kftnne^h M. Chance, “Jour. Soc. Chem. Indt.,” 1918, 222 T. 

^British Cyanides Co. I,<td., K. iKt. Chance, £. Rossiter, and the North Lin- 
colnshire Iron Co. Ltd., E^g. Pat, 112,838, 1917. 
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potash and carriage of the dust to a central fa( 4 tory for treatnjeiit 
say Ss.* per ton of dust or 12s. per ton^of pota^. The cost pf the 
potash in the raw material would thus not exceed 278. •td SOs. per 
ton, and potash salts could be extracted fropa it at a much less cost 
than ^8 e^r been charged for German potassium chloride delivered 
in this country (£8 per ton.) after providing a suffident profit for 
the blast furnace owner and the i\afiner. In a further paper on the 
subject, the above-mentioned author states that the burden of 
materials normally charged into a blast furnace to produce 1000 
tons of pig iron ^\nll contg.in 15 to 30 tons of potash (KjO). This 
being the case the amount of potash annually fed into tnfe blast 
furnaces of this country amounts to at least 200,000 tons, 50,000 
tons of which.is carried off in the blast furnace gases. Tlp^ca® be 
very considerably increased, as above described, and the g&ater part 
of the potash in the gases can be recovered from the dust. It is 
possible by very simple means to obtain a potash fertilizer^! 95 
per cent purity, whereas German kainite contained only 20 per 
cent of potash. , 

R.*J. Wysor^ examined the yellowish dust which deposits at 
the base of the stone checquer work in the stoves and gas-fired 
boilers, and found that it contained 15 per cent of potash. Irf 1910 
an experimental Cottrell electric plant for precipitating the dust was 
installed. This \vas connected to the gas main, leaving one of the 
dust catchers, and it was soon demonstrated that the^ whole of the 
dust could be successfully extracted. The dust varied in colour 
from light to dark grey and contained on an average 10 per cent of 
potash. The total quantity of potash charged in per ton of pig iron 
produced amounted to 22‘4 lb. of KjjO. The amount paysing out in 
the slag is 20 per cent of the whole (that is 2*2 lb.) which, together 
with that deposited in the dust catcher, gives a total of 6 Ib., so that 
at least 15 lb. of potash per ton of iron could thus be recovered. 
The production of pig iron in the United States in 1916 amounted 
to 15,000,000 tons, so that the potash which could be extracted 
from coke-fed furnaces amounts to a veiy respectable figure. As 
an example of what could beP done evetf before the C'ottrell plant 
was installed, Wysor states tha*t af the Bethlehem Steel Compt^ny’s 
Works duping the period 1 Ap^l, 191^ and 1 July, 1916, 36 car 
loads of dust were collected, weighing altogether 1073 tons, and from 
this 106 tgns of water-f?olub1e potash was obtainea. This, however,, 
represents only a portion of what it is possible to obtain wifh the 
flectrical precipitation process. ^ • 

In countries such as Scotland, where the blast furnaces are fed 
with coal instead of coke, much t^rry matter is preeipitftted wi^h 

« • 

’R. J. WyBor, “Metall. Chwn. Eng.^”’1917, p. 905.* 
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Jbhe,du8t, at the sa«ne time there is less potash contained in the ores 
ajnd tjie amount volatilized is not so great.' 

The ^lount of potash contained in iron ores varies very con- 
siderably, as shown hy^ the figures obtained by E. F. Burchardt,*^ 
viz, from O' 70 to 2'56 per cent, and by Grasby,^ who feting Cf'lO to 
2’29 with an liverage of i‘32 per cent.. H. T. Cranfield' has made 
a very close investigation into the composition of the dust which is 
deposited from blast furnaces. From one furnace in the course of 
a week 20 tons of dust, containing 2*5 per cent of potash, was 
deposited in the dust catcher, 5 tons of i^pddish dust (K 2 O, 7'0 per 
cent) the stoves and boilers, and 1 ton of cream coloured dust 
{K^O, 10 per cent) at the base of the chimney stacks. * He estimates 
thei, tl^ amount of potash available in Great Britain from this 
source amounts to 15,000 tons, hut this is assuming that {he Scottish 
furnaces produce as much dust as the English, which is not the 
case.^ R. A. Berry and D. N McArthur examined a number of 
deposits from different works and found in flue dusts 3' 13 to 19*49 
per cent of water-soluble potash, stove dusts to 7'87 per cent, 
tube cleanings (which are produced in large quantity) 0*3 *to 2*7 
jrer cent. The spent liquor from the scrubbing apparatus contained 
0*32T^ to 156*58 grins, of potash (K^O) per gallon, and this on 
evaporation and ignition yielded an ash containing 20 to 55 per 
cent'of water-soluble potash. The pitch contained 17 per cent of 
ash, and in t|;\e ash there was 8*8 per cent of water-soluble potash, 
while the slag contained 0*24 per cent of potash. 

In one works the raw materials contained the following per- 
centages of potash : — 

Per cent. 

^pent coal 0’040 

^ Cokfi . . 0-l*21 

Iron ore 0-12S 

Limestone ...... 0*130 


From these figures it is calculated that the amount of potash in 
the raw material charged into the furnaces amounted to 7*6 lb, per 
ton of pig iron produced, and the quactitfes found were as follows : — 


, In spent liquor 

. . 1*4 U). per ton. 

In flue and stove dust 1 . . 

0*04 „ „ 

In pitch .... 

1*7 „ M M 

In tube clcfilninf{ 

. * . ’ 0*2 „ „ „ 

^ In slag . . . < . 

Vi-7 „ L 

n 

r 

0*04 

l>.iaoo 9 unted for . 

1*0 

*“Chem. Eng. Manuf.,”'i017, 34, No. 

5, 

1917, 24, No. 3. r 

Ubid.. 1910, 124. 

Jour. Board of Agric.,'* 1917, 520. 

“R. A. Berry and D. K' McArthur, “Jour. Soc, Chem. Ii?dt.,” 1918, 
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Mr. F. G. Kelloway, Parliamentaiy and Financial Secretarj^.to 
the Ministry of Munitions, in a speech made in 1^8, stated thaj the^ * 
design of the German Halberg-Beth plant had been modkild so as 
to obtain greater reliability and lower capital cost, also that an 
entirely newgmethod of recovering potash Trom blast furnace gases 
had been aevised, and two large plants of this t}^e wete in course 
of erection capable of producing IGiiQ tons per annum. Altogether 
plants in work and in course of erection in this country would be 
capable of recovering about 18,000 tons of potash per annum. 

Potash from Cement — It has been known for several 

years that the dust from cement kilns contained an appredtable 
proportion of potash, and during the last few years the i-ecovery of 
the potash thus volatilized has become an accomplished^ fa^. 
Analyses of tlie raw materials and cement clinker from 113 works in 
America have been made by W. H. Ross and A. K. Merz.^* The 
raw materials contained from 0*2 to PIG per cent of pota?^ 
and it is estimated that the potash volatilized per bari'el of cement 
made at different wwks amounted to between 0*35 and 5*34 lb. 
Leaving^out of account those works using blast furnace slag the 
amount of potash vdatilizSd averaged 2*09 11)., which for the whole , 
of the United States would represent about 87,000 tons per annflm. 
By using the Cottrell electrical plant for precipitating thg dust 

99 per cent of such dust can be precipitated, but as the lighter dwst 
is relatively much richer in potash it is safer to place .the potash 
recovery figure at 90 per cent, which would give 78,000 tons alto- 
gether. This applies only to gas-fired kilns ; with coal-fired kilns 
the proportion of potash in the dust is much lower, that is, only 
59*6 percent as against 9l*G per cent actually obtained ^with an 
oil-fired kiln. The potash content of the dust can be increased by 
the addition of potash-bearing minerals to the charge, also by aud- 
ing common salt or calcium fluoride which form volatile chloride 
or fluoride. The same result can also l)e attained by increasing the 
heat of the furnace. 

According to a report of U.S. Geological Survey, published 
in April, 191G, potash was prodiTced on a commercial scale in 1915 
from cement kilns;, at Riverside,* California, and not only is tl\is 
saving effect^, but the dust, which was#estimated to amount to 

100 tons per day, is rec(jvered and added to tfie foment making 

materials, agd not*as ^heretofore being discharged over the sur- 
rounding orange grovel. * * 

Jj. G. Dean states that at the works of the ^outh-wes^ern Port- 
land Cement Company, Victorville, CaIifornia,«one ton of potassium 
sulphate is recovered per day from tjje cement kiln dust, which is 
» extracted by saturating the kiln gases wijh moisture and then cooling 
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th^m as much as^ssible prior to their discharge. In this way the 
4x18^ 18 thrown down in the forrn of sludge which contains potassium 
sulphate,'" sodium sulphate, ani the sulphides, polysulphides, and 
thiosulphates of these, metals. The soluble salts are leached out 
with water, and the solution evaporated when potassipam shlphate 
and a hydtous double thiosulphate of potassium aifd sodium 
crystallize out. This is dried aad calcined, yielding a product con- 
taining 90 per cent of potassium sulphate. The kilns are oil fired, 
and owing to the comparatively low temperature in the kiln, due to 
the reducing conditions of the flame, oi^ly about 45 per c^nt of the 
total’ipotash in the raw materials is volatilized. More potash could 
be volatilized with an oxidizing flame, but under these conditions 
itrwa^ found that the difficulties encountered rendered the processi 
unworlwible. " 

The Cottrell plant installed at the Hagerstown works of the 
Se<?arity Cement and Lime Company in 1916 precipitates the dusk 
by means of a high-tension current at 70,000 volts. The power 
supply consists of a three-phase current at 440 volts and 60 cycles, 
the electrical equipment consisting of four 15 H.P., fO k.v.a., 
220 volt single phase 60 cycle, 1800 r.'p.m. motor generator sets, 
eac^ii of which is connected to the shaft of a rotary rectifier, and 
four 2)20 to 70,000 volt, 60 cycle, 10 k.v.a. transformers of special 
design. The volume of flue gases dealt with is about 180,000 cb. ft. 
per minute, and from five kilns 7-8 ft. by 100-125 ft. the yield of dust 
amounts to 20 to 25 tons per day. The dust is extremely fine and 
contains 5 to 10 per cent of potash (K. 2 O) combined as sulphate.^ 
Manufacture of Potash in the Caticasus , — The manufacture of 
potash i,^ an accessory industry of the cultivation of sunflower, 
thp ashes of the stem and the branches of sunflower yielding the 
raw material. The first potash factory was established in 1899 at 
Maikopp, by Schaponalow. Difficulties occurred at first owing to 
the want of experience. But gradually the conditions of production 
improved, and fresh factories were started. The official statistics 
in 1906 state that eleven factories produced 475,563 poods of potash. 
According to information supplied by the manufacturers twenty- 
four factories were at work in 190V, some of them producing several 
thousands up to as much > . as 2p0,000 poods of potash. The total 
production of these factories being from 700,000 to 900,000 poods, 
representing a'’ value of 22,000,000 roubles. The j^tems of the 
sufiflower are generally burnt by the farmers themselves. But 
certain manufacturers also burn the plant and buy the stemv 6f 
10,000 to 15,000 deciatines, for which they pay 3 to 4 roubles per 
deciatthe. - A deciatine of sunflower yields in good ground 200 
to 300 poods of stems and, in bad ground 100 poods only, vrom 
♦ 

J “ Jour. Soc. Chem. Indt.,» 1916, p. 827. 
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which 3 to 5 per cent of ashes may be extracted, g«d 3 to 4 poods 
of ashes give one pood of potash. Jhe percentage of carbonate of# 
potash is 20 to 35 per cent. The appearance of the ash is tifiproved 
by throwing it into the fire, for instance, whjch causes the asl:^ to 
fuse an& ^v«8 it a vitreous appearance. * 

When the sunflower harvest is finished the stemf are burnt. 
The purchase of ashes is finished ia^September, whilst the manu- 
facture of potash lasts five to six months. The price of the ashes 
up to recently has been 35 copecks, but owing to competition it has 
risen to 40 and 60 copecks .per pood. The manufacture of potash 
is conducted in a very primitive fashion, which consists in lixivii,ting: 
the ashes, methodically concentrating the lyes, and calcining the 
tproduct. The product is packed in casks of 30 to 40 poods^^ The 
analysis of a*potash from Kuban gave (per cent) water, 1*44 ; car- 
bonate of potash, 89 ; carbonate of soda, 5*0 ; sulphate of pbtash, 
2*01 ; potassium chloride, 6*51 ; insoluble, etc., by difference, 0^4 ; 
the usual potassium carbonate content is 90 to 91. It is dealt with 
on a ba^s of 90 per cent with 2 per cent margin at least. Three- 
fourths of the potash is exported to Hamburg, London and New 
York. 

Potash salts have been from the very earliest time made ffbm 
wood ashes. These were lixiviated with water^ and .the solution 
evaporated, yielding “pot-ashes,” an impure form of carbonate* of 
potash. By again lixiviating with a little water and evaporating 
and drying, a purer form of carbonate was obtained known as 
“pearlash ”. This industry was practically killed on the introduc- 
tion of the Stassfurt salts, but in the north-west of the United 
States and in Canada, where wood is very plentiful, there^s still a 
small but dwindling industry the production in Canada in 1§94 
being 1936 barrels, and in 1898, 1080 barrels. Suggestions have 
been put forward from time to time for the utilization of waste veget- 
able matter as a source of potash. Thus in 1802 Hudson ^ took out a 
patent for the production of potash from tanner’s bark, bean and 
other straw, fern, furze, broopi, and kelp. J. C. Umney ^ proposed 
the systematic collection and inftinej-ation 6f furze, bracken, hedge 
clippings, etc., and* gives the folfowing fibres for the potash ccgi- 
tent in the Ash : bracken 60, Bol^m emlis 50 to 57, Agaricus 
velutipes 78, Hypnum Sch^oheri 28 to 30, grounded ^3*5, broom 33, 
and Euphoritia Of.nygMoides 39 per cen^. According to Quain- 
tenne,^mangr^ve trees Rowing in fresh water absorb a large ]Jro- 
poltion of potash. 

H. Bfiadley ^ published an account of the*method of extracting 

^ Eng. Pat. 2586, 1802. • 

“J. C. Umney, “Jour. Soc. Chem. lindt.,” p. 1046. 

*“ Jonr. Soc. Chera. Indt.,” 1906? p. 1302, 

^H. Bradley, “Met. and Chem. Eng.,” 191^ p. 841. 
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Potash from plani^ ashes and gives analyses of the ash of various 
ttree^. He suggests thaU the, waste from the sawmills in the 
WesteA* States of America should be used for this purpose. 
Al^ough a large quaytit^ of this is sold for fuel purposes, there is 
still a considerable amount which cannot be utilized^ 8uffi6ient to 
produce 1000 tons of potassium carbonate per annum. After ‘ 
leaching the ash with watft*^the solution could be evaporated 
economically in an Enderlin type of evaporator fitted with a 
rotary roaster, similar to those used in the recovei 7 of soda from 
the waste lyes of cellulose factories. , « 

M. F. Zoller,^ also writing on this subject, states that from 
1 lb. of the ash of Douglas fir mill waste take«i from an in- 
cinei^tor extracted 24 hours with water at 80° to 90° C., 3*2 to 4*8} 
grms. of potash (K 2 O) were obtained, and from cedar wood ash 
1*4 gi^ms. The ash contained much unburnt charcoal and sodium 
chfbridc, sometimes to the extent of 16 per cent. 

Such waste as banana stalks and skins might be burnt for the 
production of potash. E. H. Ellis gives the following analyses 
to illustrate the value of these wastes : — 

Banana Stalks. Banana Skins. 


Dry matter 

. 7-3 to 8-4 

11-8 

Wrter 

. 92'7 to 91‘6 

88-2 

Ash 

. 1-5 to 2-4 

1-77 

Potash l^jO) in ash , 

. 0*9 to 1'14 

1-05 

Ash in dry matter 

. 20*5 to 29-9 

15-00 

Potash ,, . . 

. 12-35 to 13-73 

9-03 

,, in ash . 

. 59-1 to 45-9 

57-16 


The asK of the stalks also contained 31T1 per cent of carbonic 
-ao'id and only a trace of soda. 

Potash from Molasses . — Molasses contain a considerable pro- 
portion of salts, notably potash salts, and more particularly is this 
the case with beet root molasses. Although a considerable quantity 
of potash has in the past been produced from this source,^ it is, 
however, a very wasteful process to burn the molasses to an ash, 
since the large proportion of 'su^ar which they contain is wasted. 
The potash salts could, however, be recovered from the spent wash 
of distilleries wh^re molasses’ are employed, and as this is not 
utilized at all ai the present time th6re ik ^enty of sqope for some 
ec6tiomical method of treatment with this Object in view. ' There 
is, howevw, another method of treatment, devised by Wilkenipg*,^ 

* H. F. Zoller, “ Jour. Ind. Eng. Chem.,” 1916, p. 105. 

*R. H. klllg, “Jour. Soo. Chcm. Indt.,’’ 1916, pp. 456, 521. 

^24,000,000 kilos ol Skits fr«m this source were refined in France in '1890, ‘ 
i(“ Jo'ur. Soc. Chem. Indt.,” 189?, <p. 282). 

J. E. Brauer, “ Central. Kunstdiingerind,” 1915, p. 242. 
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in which the molasses are treated with peat dust and the tnixtul'e 
innoculated with azotobacter, whereby the betainrfB destroyed add 
the objectionable stickiness thus renlovedf. The fermentec^iyiatftrial! 
contains about 25 per cent of water, 3-75 per cent of nitrogen, 9*75 
per cent of jpotash, and 45 per cent of huAius. The amounts of 
phosphor* acid can be raised ^by adding superphospha^?, and such 
a fertilizer might be made having the composition ; water 25 per 
cent, nitrogen 3 per cent, potash T'S per cent, phosphoric acid 3» 
per cent, and gypsum 9 per cent. 

Practical tests have been made with such a fertilizer anil the 
results arl reported as quite* good. The author states that it would 
be possible to, produce about 350,000 tons per annum or this 
fertilizer in Germany. 

Potash fwm Seaweeds . — Seaweed has been used in iti^^reAi 
state as a manure both in Scotland and Ireland for a long “jierioiL 
Prior to the development of the alkali industry the ash of seaweed 
(kelp) also formed one of the chief sources of alkali used in 
soap and glass manufacture; this industry has, however, ht'en dis- 
continued, although a certain amount of kelp is made for the ex- 
tmction of iodine. J^oth potassium salts and iodine are ahsoi'hed 
by seaweeds and are held with the greatest tenacity, thus it is st^jjfced 
by Merz that the algae Nereocystis and Macrocystis absorb far 
more potash than soda from sea- water and that^ the^llloroscence 
which appears on the diy fronds consists of almost pure potassium 
chloride. The ash of the “ sea lettuce ” contains 45 f)er cent of 
potassium chloride,^ and it has been proposed to propagate these 
species where the conditions are favourable to their growth. 

Owing to the large amount of water which seaweed contains, 
it would not pay to transport it in that state to any considerable 
distance, for this reason it wduld be necessary to extmet the n*8t 
valuable constitutents at some factory as near the gathering grounds 
as possible. Seaweed contains about 80'44 per cent of water, 
9'25 per cent of organic matter, and 10*31 per cent of ash. The 
organic matter contains 0*45 per cent of nitrogen, and in the ash 
there is 2*3 per cent of potaslF(K,0) and 0’4J per cent of phosphoric 
acid.=^ The giant kelps of the United States lose 85 per cent of 
their weight v^hen air dried, and contain in that condition 10 to 15 
per cent of potash as KOI, 1 per cdht of ftitrogen, and 0*5 per cent 
of phosphoric acid.^ , • ^ • 

‘ As^pointld out by Jj^Hendrick,** the sifaweeds growing arc^nd 
tlh% coast of thft United Kingdom may be divided into two categories, 
those groiving between low and high water rjhirk, known as black 

• 

J C. O. Cresswell, “ Jour. Soc. Chem. In(U„” 1915, p. 388. 

*S. Mft'‘adam, “Jour. Soc. Chera. fndt.,” 1888, p. 79. 

3 J. Hendrick, “ Jour. Board of Agi'ic.,” p. 1095. 
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vS:^ok,* bladder wrack, and cut weed, belonging to the order 
• PucacecB, and tSose growing in shallow water below low water 
•mafk, ipown as drift weed Or tangles, belonging to the order 
Laminar iacecB, the most important of the latter being L. digitata. 

•The average composition of the dried seaweeds is given in the 
following t^ble : — , ^ • 



L. digitata^ 

A. stmo-phylla. 

F, 

F, 

F. 


Stems. 

Fronds. 

Stems. 

Fronds. 

oesiculoms. 

nodosi>,9. 

semUvji. 

Ovga*^’!!, matter 

64*03 

77*28 

64*73 

77*76 

79*71 • 

78*39 

77*56 

Soluble Ash 

27*98 

17*30 

29*00 

18*84 

16*08 

*16*90 

17*30 

Insoluble ash . 

7*37 

4*59 

6*73 

4*13 

3*30 

4*14 

4*53 

Silica 

0*66 

0*82 

0*53 

0*26 

0*92 

0*57 

0*62 

Nitrogen . 

In soluble ash : 

1*31 

1*30 

1*02 

1*08 

1*18 

1*13 

1*50 

Potash (KjO) 

10*49 

5*25 

12*35 

4*49 

« 3*07 

2*52 

4*18 

Soda (Na,0) . 

n-35 

4*24 

4*91 

4*91 

4*51 

5*78 

4*85 

Sulphuric acid (SO«) 

2*94 

2*97 

1*77 

2*42 

.5*71 

6*46 

3*95 

TBrtal halogen as Cl. 

9*92 

6*11 

11*28 

6*56 

3*44 

3*50 

4*70 

Iodine . 

r « f 

0*54 

0*38 

0*32 

0*29 

0*04 

0*09 

0*05 


It will be seen from the above analyses that if drift weed were 
s'lmply dried and ground it would form a fairly efficient manure, 
since, in addition to the organic matter, it contains about 10 per 
cent of potash and over 1 per cent of nitrogen. L. digitata is also 
valuable<as a source of iodine, one ton of ash from the stems yield- 
ing 33 lb. and the same amount frcm the fronds yielding 40 lb. 
of that element. The fuci are less valuable, but at the present time 
it would pay to burn them for ash. 


^ f 

CendroB laland to San Diego . 

Baft. Diego to Point Conception 
Point Conception to Cape Flattery 
Puget Sound . . « . 

South-East Alaska <. 

Westefn Alaska 

4. 

7otal . . . .^ . • 


c 

•‘Area. 

Sq. mile. 

Fresh Cut 
Kelp. 
Annually. 
TPns. 

Potassium 

Chloride. 

Tons. 

91*4 ‘ 

16,979,800 , 

649,000 

97*9 . 

. M8, 195 ,300 

696,000 

36*2 

1 4,877,400 

167,000 ^ 
20,0di 

5*0 

520,000 

15,666,000 

1416 

' 598,000 

17*9 

3,367,000 

136,000 

890*0 

59,105,500 ! 

2,266,000 
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. The possibility of the utilization of seaweeds has bden v^ry 
exhaustively examined in the United States, J^htere enormtfus 
quantities of seaweeds are to be t)btamed. In a Unit^pd States* 
Government Report ^ particulars are given,. reproduced on opposite 
page, of the extent of the beds on the Paoilitf Coast : — » 

The ateilige figures for the various kelp^ are as follpws : — 



! Mucrocystis 

Sereocystis 

A (arid 


' pyrifem. 

i 

hietkeana. 


• 

Potash (K,0) . 

• 

12*59 

20*1 

9*1 9 

Nitrogen . .• . 

! 1*57 

1*9 

2 *« 

Iodine . . » . 

9 

1 0-23 

0*13 

trace 

- 


The amount of potassium chloride which could annually hevex- 
tracted from this harvest of seaweed is thus five times as raucn as 
the total imports of potash salts from Germany. 

It i» calculated that at San Diego and neighbourhood, for in- 
stance, the cost of Ijandling, drying, grinding, storing, and loading 
would not exceed $1 per ton of dried kelp, cutting and colleq^ing* 
.^1*83, and general expenses ^1, total .^3-83. On the other hand, 
the value of the kelp would be $15*75 per ton, d. which $9» would 
represent the potash value. If these figures are correct the margin 
of profit is sufficiently great to stimulate this industi^ and thus 
build up a national potash fertilizer industry. It was reported m 
1916 that a plant on a commercial scale was alK)ut to he erected 
by the U.S. Department of Agriculture for the treatment of kelp 
and extraction of potash, including the most modern ^forms of 
drying kilns, distillation platit, etc., capable of dealing with 200 
tons of wet kelp per day. 

It has also been proposed to propagate such varieties of sea- 
weed as Pelagophycus porra (egg), which are known to he rich in 
potash. The latter species being found in certain areas along the 
coast of Lower California. . ♦ ^ , 

• There are on the Pacific Coast several factories turning out dry 
seaweed for ^grichltural purposes to take the place of low gr*(de 
potash salts, and, according to andther dfficial estimate, 6,000,000 
tons of potassium chlo|;i<iB per annum could bebbtuined from them 
dn that coalb. Potash q{)tained from the kelp of the Pacific G#ast 
wy marketed* in 1915. ^ 

^ Kelp .is prepared at several places on thfr Irish Coast, the ex- 
ports amounting in 1912 to 4719 tons, valu^ at £18,^00, ^nd in 

• 

^F. K. Cameroo. “U.S. Commerce Remii^t,'* No. 148, June 19, ]^15.« 

Board of Trade Joum.,” Dec. 14, 1*1^. 
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1^13 t<f 3939 tons, valued at £16,631. In Norway and also in 
Jtfpan potash^affe are likewise prepared from seaweeds, the annual 
“productfgn in Norway being about 1000 tons, containing 34 to 37 
per cent of potash (K^O).^ Japan, which until recently was an 
importer of both potafth •salts and iodine, has now becomcfcan ex- 
porter. , , 

According to J. H. Norton - the possibility of utilizing the vast 
deposits of seaweed in the Sargasso Sea of the Central Atlantic 
has been considered. This material is drifted into the West Indies, 
and cast upon the shores of the Bahamas in enormous quantities* 
In a^j least one harbour the accumulation becomes so® dense at 
times as to considerably hamper and even aln^ost to stop all 
navigation. It has been found that this seaweed contains on an 
a9era*j^ 9 per cent of potash as compared with 16^9 per cent in^ 
the kelp from the coast of California. 

rWitJi regard to the collection and treatment of seaweed an 
interesting account was given by J. F. Lauches ^ of the methods 
adopted at Puget Sound. The kelp {Nereocystis luetkeana) is cui 
by a series of knives which are operated from a scow ” li^wed by 
a tug. At high tide one of these appliances will cut 100 tons of 
gre,'>n kelp in 6 hours, and at low tide its capacity is increased. 

By harvesting the seaweed direct from the sea contamination 
with sand is avoided ; the latter causing the loss of potash and 
iodine when the kelp is burned. Also it ensures a continuous 
l^arvest, whereas the old system of collecting from the shore was 
only remunerative after large quantities of the weed had been cast 
up by rough seas and high winds. 

From the “ scow ” the cut material is removed by a conveyer 
to a chopping machine which comminutes it, and thence by another 
coliveyer to the deck of the tug. UiVloading is performed by hand 
labour delivering the material by means of a conveyer to storage 
bins on shore. The seaw^eed contains in its wet condition about 
92 or 93 per cent of water, and owing to the pressure of the material 
in the bins much liquid containing potash salts is squeezed out. 
The residue is finely shredded a^d then deprived of most of its 
moisture in a direct heat rotarj drier, provided with dust chambers,' 
The material as it emerges is sufficiently fine tb be mixed directly 
with other fertilizers. In order to prevent any loss of nitrogen the 
wet weed is fed* in at the fire end and is'pOjpsed at such a speed as 
to -nsure its containing*' 5 to 10 per cent nf.tmoisture. ' The potash 
can be re(\dily extracted by leaching with w^ater, and with 80 j)ar 
cent muriate at .1^35 per ton it is believed that the industry will* be 

^ “Bulletin Imp. Inst.,’* 1915. 

J. H. Norton^ “ U.S. Cone. Rep.,” No. 276, Nov. 24, 1915, 

^ J. F. Lauches, '* Met. and Chem. Eng.,” 1916, p. 304, 
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quite profitable. The costs are, for harvesting and iinloiding the 
green kelp, 49 cents, and drying, 25 to JO cents4* * * • 

The old method of treating the Wed was to expose iUV) tfie ail* 
until it was sufficiently dried and then bur.n it in heaps. The ash 
was tlien lejched for the extraction of the shluble salts. Dela^al ^ 
in 1767 (fbtained a patent for jDurning the wjit weed in keverberatory 
furnaces with wood or coal. E. C. C. Stanlord - proposed to dry 
the weed, press it into cakes anJ'^hen distil it in retorts. The 
charcoal was cooled in closed receptacles and then leached with 
water to^extract the potash salts and iodine. In addition tar water 
and ammonia were obtained in the distillate. Instead of burning 
the weed, Gigiion and Gagnage ^ crush and press the weeds r iicus 
giganteiis and ^ostera maritima while in a wet state for the ex- 
traction of i»itrogenous matter and salts. The residue is theif boiled 
with a solution of soda ash, and the liquid is used in a siifi^iequent 
operation. It was proposed to employ the residual celliil|ir tissue 
for paper-making. 

Stanford ^ also proposed to treat the weed with hot or cold 
water fnd evaporate the solution to dryness. The residue was 
then carbonized and extnicted with wat(‘r for the recovery of potasl^ 
and iodine. The pulp was .subsequently boiled with alkali foP the 
production of a gummy material, which was known as algin. 
Boberg and Testrup*'’ have been granted a pateiA for The trfiatiqent 
of seaweeds, which consists in mincing and pulping tjie material, 
heating in a closed vessel at 170'^ C. for twenty minutes and th^jn * 
pressing. This results in the formation of a good solid press cake 
and a liquor containing 70 per cent of the original alkali salts, 90 
per cent of the iodine, 33 per cent of the nitrogen, and ,10 per cent 
of the organic matter. * 

C. A. Higgins” is not ver^ hop(4'ul as to the future of theTiea- 
weed industry, since the methods of collecting and incineration arc 
comparatively costly and will only continue while the cost of 
potash salts rules high. He refers to a method of treatment which 
has been successfully operated by the Hercules Powder ('o. at San 
Diego, California, since 19^5.# In this ‘process the material is 
* fermented and thejiquid neutralized with limestone. Three stages 
of the process may he discriminate^. Ii^ the first, calcium acetate 
and potassium chloride are the chief prodq^cts, in the second 
calcium salts of ^^cetiic, *piy>pionic, butyric, and \*^ileric acids are 
obtairibd, wkile in thfj gthird most of thtf potassium iodide i# ex- 
fr^ted. The* further treatment consists in heating tbe mixture 
of calcium acetate and potassium chloride Jvhereby acetone and 

• 

^Eng. Pat. 870, 17G7. ‘^76td., 14W, IHGlr ^76jd., 2741, 1865. 

142, 1881. « Ibid., im, 1014. \ * • 

®C. A. Higgins, “Chem. and Met. Eng.,” 1918, ^ 432. 

^ 23 • 
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ac^ne oils ar§ 4^tilled off and the residue is leached with water 
Ijp ej^tract the pofessium <;hloride. The mixture of organic salts 
is distilllid with alcohol and sulphuric acid for the production of 
esters, and the iodine is ‘obtained from the third product by treat- 
ment) with chlorine an<f sublimation. The author ^^^stateS that 
probably the total production of potash from seaweed in the 
United States at the present tjjue does not exceed 25 tons of 80 
per cent potassium chloride per day, and that more than half this 
is obtained as high grade salt (95 per cent KCl) by the fermentation 
industry. ^ ^ 

from Wool- Scouring Waters . — Raw wool contains, along 
with the natural fat or “ yolk ” and dirt, a very appreciable amount 
cfVoot^^ salts. When the wool is cleansed by washing with soap 
sand watjr the potash salts pass into solution and help‘d to form an 
-emulsion with the fat, the liquid in many cases being run into the 
neai?bst etrearn or drain as the quickest method of getting rid of 
it. This wasteful process, however, has not been altogether uni- 
versal and many methods have been tried for ,the extraction of the 
valuable products which it contains. The best and most Ibitional 
(method of treatment is to extract the w6ol with volatile solvents, 
the fihief difficulty in this case being the great bulk of the material 
to be treated, the consequent size of the apparatus required, and 
the '-very large amount of solvent to be employed; but when such 
plan is adopted the grease is very quickly removed and the potash 
«aH8 are left practically untouched, to be subsequently extracted by 
water, and, after roasting, they form a fairly pure kind of potassium 
carbonate without further treatment. In the Bradford district the 
taw wool( containing 40 to 50 per cent of grease and dirt, and 
approximately 4 per cent of potash, i^ washed in warm soap and 
water in two series of howls, each series comprising four bowls. 
The soapy liquid is run into large brick-lined tanks excavated in 
the ground. When a tank is sufficiently full, sulphuric or hydro- 
chloric acid is added in the proper quantity to decompose all the 
eoap, whereupon a separation of fatty aejids and wool fat takes place. 
The water is then drained through jSr layer of fine cinders, and after 
& time a considerable layer of grease accumulates on the latter and 
is removed with the spade. Tt'e grease is placed id filter bags, 
which are heated ard pressed, the clarified grease passing through 
the bags. This is known as wool gieace or^Yorkshirejgrease, and. 
has a ready sale. The liquid from these tCiriks is usually riih into 
the nearest stream. ^In the Smith- Leach process,^ liowever, 
wool-grease, which is - merely in suspension, is removed by centri- 
v^ugal mbanssand the liquid is eyaporated and used again for scouring, 
jn this way it becomes* more, and more rich in potash salts andv^an 

' “ Jouri Soo. Chem. Indt.,” 1903, p. 861. 
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be treated for their recovery. This process Jp operatior^ at, 
Bradford until a few years ago, but owing to ctfanged, conditipns ifi 
not now profitable. According to Professor Gardner raw*'^ool con- 
tains about 18 to 20 per cent of grease and 6^to 6 per cent of pojash, 
but with tly blend of wool now used it fs only possible under the 
best conflitions to get a liquid containing 4 per centt>f potassium 
salts, whereas with the wool used which is much more 

greasy, a 13 per cent solution can be obtained which w'ill pay for 
the recovery of these salts. Large quantities of potash salts are in 
this way^obtained in France, but the production is decreasing. In 
1890 the total amounted to 4,000,000 kilos. # 

A review o4 the methods of recovering potash salts fiom wool- 
washing works*has recently been published by R. S. Westojt^ ilo 
states that previous to the war the only method of treatijig W'ool- 
scouring liquids of practical importance W’as that wdth abid, as 
above described. The potash in the liquids is then in the foifn of 
sulphate and is so contaminated with other salts that no process 
has yet been invented,to recover it economically. In the precipitation 
proces^he waste liquors are allowed to stand for the settlement of 
sand and other solid impiA'ities. The liquid is then passed through 
a centrifugal machine, which separates the fat and also^ the 
finer suspended matter. The clarified eftluent is ,treat<j(l wdth 
chemicals which precipitates some of the impurities and •the 
remainder of the grease, and the sludge thus formed is l^ter-pressed 
and dried. By extracting the dry sludge with solvents a low- 
grade grease is obtained and the residue is ground and added to 
fertilizers. The liquid from the filter is now' sulliciently purified to 
enable the potash to be recovered from it, which is, done by 
evaporation to dr}nes8, calcjning the residue in a rotary furyace 
and lixiviating the ash with water. 

In a modification of this method, know'n as the Cardem process, 
the liquor from the centrifugal machine is sprayed through special 
nozzles into a series of chambers through which hot flue gases are 
passed. The process is divijjed into two stages, known as the “ wet 
ohamberl” and the “ dry chamber ” respectively. In the wet chamber 
stage the liquid i^ simply concentrated, but in the dry chamber 
the concentrated liquid from the fg-st is further evaporated until a 
perfectly dry product is obtained. For this ipuiypose the liquid 
must be dfgreased Jjy *8olvents, otherwise the evaporation is 
impeded. The dried pi^duct is very hygroscopic, but can be used 
Isft is or after calcination ; the potash salts ^ay be rrtjovered by 
lixiviatiofl. The settled and degreased kquors may also be 
evaporated in specially designed evj^orators, until it I'ont&ins 65 
per^nt of solids, and then coked m an ij^en furna^'^ “M the 

* R. S. Weston, “Jour. Soc. (Jbem. Indt./’^1918, 17 T. 
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^ re^due leache^ with water for recovery of the potash. In some 
'^unjiries, as for ffistance in France, the so-called “ de-siiinting 
process fifoflowed ; this consisJs in first soaking the wool in cold 
water, which dissolves the potash salts, which are then obtained by 
evaporation and calcination, the wool grease being |iibse(5tiently 
removed with warm water and soap. . ® 

With regard to the cost of*^ol-scouring, the author states that 
the average wool-scouring plant usually has two trains of bowls 
which will dischai'ge 12,000 gals. (U.S. measure) or about 200,000 lb. ' 
of waste per day. A plant for the treatment of this wagte would 
cost the present time, even with the ruling high piices, not more 
than .^40,000. The 200, OCO lb. of waste liquids #\\^ould contain 
ab^ut^^OOO lb. of grease and 2500 lb. of potash, and by treatment^, 
there wj)uld be recovered 2000 lb. of centrifugal grtas6', 1750 lb. of ^ 
extracted grease, and 1600 lb. of potash. The balance sheet would 
theif- be «omething like the following: — 



Per diem. 

, Per diem. 

Cost of centrifugal procesB . 

H5 

2000 lb. of centrifu^l 


,, ,, evaporation 

48 

« grea^ at 10c. . 

^200 

,, degreasing 

85 

1750 lb. of extracted 


,, ,, coLng 

Management] | 

17 . 

grease at 8c. 

140 

20 . 

1600 lb. of potash at 


" 


17 -Sc. 

280 

Tota'i .... 

. 165 

Total . 

. $620 


Daily profit . ^^455 

The profit appears to be very large, but it is stated that one mill 
operating three trains of bowls is actually making a profit of .15500 
a dSy on centrifugal grease atone, ^ 



CHAPTER xvrr. 

Tll.WSFEHENCE AND HANDLING OF UAW MATERIALS AND 
FINISHED rUODUCTS. 

• 

The economic Jiiniling of raw miterials, fujl, and linislied ni-o.lucta 
is one of tfA mo^fc important problems which the m inufiicturer — 
desirous of coping with the increasing competition — his td solve. 
But until recently it was exceedingly ditlicult to find a^uniwn'sal 
system of autornitic transpoi-t alapting itself to the varying 
exigencies of ditfirojit factories, and for a long time it was only 
possible to devise special installations for each cise’ according to 
the nature of the miteriais to be conveyed. To dilficulties of thi| 
nature was further added anoth ‘r arising from the plan ci^ the 
factories thems)lves. The greater part of them, as is well known, 
had a very modest beginning. They hive devebped'gradiffilly.and 
have increased their production in a m ‘asure (juite out ^f ])roportion 
with the working Sjiace at tlieir disjiosal, so much so that theri^j is’ 
no room for installing conveyers. These arc reduce I to the installing 
of lifts and small rails of the Decauville type. The systems used for 
conveying raw materials already warehoused orto b ; warehoused may 
be reduced to three : the continuous system, the funicular*suspended 
rails, and the electric stispended rails, which hardly go back tw^nty- 
iive years. Th 3 continuous system is already known, having been in 
use for a long time in all industries. It will sulfice to point out a very 
neat improvement which has lately been made by Ad. Bleichert 
and Co. In continuous systems, whether th3 conveyers are bands 
or cups, work is confined to dthe same ^dane. All cup or chain 
conveyers knowi; up to now, othei* th in those on the Ad. Bleichert 
and Co’s s^Kitem, have the draw-l^ick of^working in the same plane, 
and consequently entail a transhipment of tht^materials when it is 
desired tq^onveyitho^nfitgrfals in ditferent planed. This tranship- 
raenf entails costly ^dant, consumes motive power uselessly, and 
exhausts th3*material. The mono-rail cup system of ^d. Bleichert 
and Cof suppresses these drawbacks, for tje cup chain continues 
to pass from one plane to another by the aid of siji table guides. 

51 shows a section of th e cups*of this ingenious system. Figs. 
55 and 56 are photographs of installations of this systmn aA work. 
Fig. 57 is an aoplication of this cup-chain*to the handling of fuel 
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and* raw •material in a chemical factory. This firm has fikewise 
hrofight the ele'^tAi automatic systems with intermittent Charges 
td sndh p^ffection that they have spread enormously for s6me time 
back in Europe in metallurgical works and chemical factories. 
This •process of autorrfatkj electric handling consists ^n causing 
an automatic car (to vjhich is suspended a bin) to colvey the 
material to run over an aerial *rail way. The current is led to this 
electric car by a bronze wire.**^ Fig. 68 represents this system,, 
which has this great advantage, that any desired shape may be- 
given in a horizontal plane to the rigid aerial railway, s^ that it 
can go round the multiple obstructions 'which it meets not only 
in old^'factories but even in those still under construction. An 
electric automotor truck, such as is shown in Fig. can turn in 
curves Gfttwo metres radius. The Americans, it is tm3, were tho 
promoters of a system called Telpherage,” which wasi likewises 



FiO. 54. — Section of Elevating Cups (Ad. Bleichert and Co.). 


based on the conveyance of heavy unUary loads on rigid, robust 
aerial railways suitably supported, but the principal obstacle to the 
extension of their system was that it barely attained a yield of 12 
per cent, due to the want of proportion existing between the weight 
of the rolling car and that of the useful load to be conveyed. 
These weights were in faot in the rt^tio*of 5 to 1. But if the first 
thing to be done was to reduce the -weight of the car and the bin 
which form the truck as much as possible, taking ' into account the 
safety of the workmen, it \vas nfjcessary also to create from the 
triple point of view of economy, simplicity afnd rapidity of transport 
all tb3 other parts of a «complete installation. The plant*' and 
rolling stock for transport, such as the exigencies of modern factori^. « 
demand, should include points and automatic safety apparatus, 
and abov/5 alj the automatic travelling of the individual wagons 
independent of any handling, as* well as the greatest possible spes^. 
The sy^tem» devised by Act. Blefc^ert and Co., owing to the ingenious 
arrangements of its rails*, points, and curves, combines this assooia- 
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Fiqs^SS and 5C.— Electrical Conveyera (Adf Bleichert and Co.). 
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tion of tlfe greatest possible speed with the automatic worKmg oi 



the trucks, and certainly 
the solution of the problem 
should attract the attention 
of manufactures, ft>r it 
.effects a remarkabfe saving 
in the working expenses of 
factories, particularly in 
chemical works. When the 
railway is on a leve^^a single 
nfotor sufiices, the rigid rail 
being generaUy fixed on a 
level. But ip most cases it 
is necessary to span a differ- 
ence of level between the 
point of departure and the 
point of arrival. It would 
be, moreover, very onerous 
to wish to employ a Uniform 
slope throughout all the path 
of the railway, for it would 
involve a considerable ex- 
penditure of energy and a 
costly constuction. 

The Bleichert system 
overcomes the difficulty in a 
practical manner by inter- 
posing in the network, sus- 
^^jended on bearings, trunk 
ways with desired incline, 
spanning the out of level, 
whilst preserving enough 
free space to allow the 
wheels not to lose contact 
wnth the railway, and the 
bins to mjiintain their na- 
tural movement of oscilla- 
tion. The advantage of this 
%ysthir. coipsists especially in 
the k'ct that the limit’ need 
not be taken mto accouigt,* 
for the sections are Spanned 
l)y aid of organs absolutely 
independent of the drimig 
of the cars. For this pur- 
strong stair and rejoins -ip a 
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few metres an upper part on bearings, and on this staif the car 
is not driven by its own motor. A special syilKeiiT consisting* of * 
a motor and a chain or cable, running above the rail*on»yie Stair* 
pulls the car along in the following manner : A hook fixed in the 
car cafches j;he chain which drives the 4ixSd motor of the stair. 
The carrfing system is drawn up to the ipoment wl^ui the hook 
quits it, which happens when the anr reaches the elevated part 
or bearings. When the car catches on the stair the current from 
its own motor ceases, whilst it jiuts the caWe in motion by 
means o^another special motor which animates it Avith a uniform 





Fro. 58. — Electric Autoniotor Truck. 


motion. [At the, moment whftti the car reaches the upper ex- 
tremity of itfee inclined section, the inverse occurs. This marfner 
of traversing the stair is very aavantageous,^as it jicrmits a low- 
power- mq^r to be i«(?d the car. If the cifr motor had to 
ascend a considerable incline of itself, it*w'ould require to hUve a 
*tu(|ich greater force, hence a considerable weight incpaso of the 
section <ff the carrier, and consequently an increase oi expense in 
the initial installation and w^orking expenses (it would r^quyre in fact 
m€ilors six to ten times more powei^ul jier car). There are caseS, 
however, where, in consequence oi^ *poiisidwatious speiial tto *the 
prqj?lem to be solved, it is preferred, instead of this mixed solution, 
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to solve the problem of removing material by i^ns of*fiidepen- 
dent arrangements enabling each to suynount tile difficulties ^n- ' 
oountered. Automatic handling installations can in fllct*be 5een,* 
csonsisting of a network of the system of cup-chain elevators com- 
bined \^th ^ electric network, or consisthig?^ of some one of tllese 
with the Aim system, that is to say, the funicular rope sy stem. For 
example, Fig. 59 shows a conveying infitallation in a superphosphate 
factory in which very considerable (fifferences in level had to be 
spanned. It was a question especially of convex hig the raw phos- 
phate dia<5harged from ships into a shed through the whole factory 
by an overhead railway to Sring it into the superphosphate fimtory 
situated behind^ and to lift the superphosphate there and dejiosn it in 
1 shed from which it is charged into railway wagons. In th^se 
transfers all handling had to be avoided. The superphosphai?* shed 
18 connected with the factory by a cable conveyer starting from the* 



Fio. 60.— Section a b Section c d Section c f 

of Fig. •'>0. of Fi^. 50. of Wg. 50. 


point (j, and reaching about 8 metres (20 feet) in height, going 
round the factory and bringing its bins into a dischai’ging ho})])or, in 
which ^they are tip-tilted. The finished superphosphate is in its 
turn poured by means of an elevator into a hopper installed on the 
roof, frorft whence it is coiivf^e^ by meanoof an electric automatic 
•superphosphate conveyer instalted tibove the raw phosphate con- 
veyer. The jilting of the bins in the hall of the depot, their retdrn 
and thdir stoppage at the point ot loadfng, are carried out in an 
absolutely ajitomatjc m^irtiigr.® Fig. 64 shows tne ffJ'Rtem of rolling 
and of* tilting the elecftjjc superphosphate* bins above their d^iot; 
tt^sections oF the figure (Fig. 60), a b, c d, e f, show t^e arrange- 
ment of ^he railways. There will be seen (?h the section c d the 

• elevator described above, which serves to pour the supgrphosphate 

* inti^he bins of the electric automatic^ystem. This question of th^ 
elevation of material leads to the description of another n^thod 
genq^lly used to elevate material to levels ^^apable of sometimes 
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Inching* lO naetjes (33 feet) of vertical difference in level. The 
* system of rope trafetion of cjirs, ordinary or electrical, on a stair to be 
Bpannedr«ucn as that shown in*the section g h oi Fig. 69, can only 
be judiciously employed when the tonnage and the difference in 
level warrant it. Fof aF/erage tonnage and less, an^for fertical 
differences i» level up J:o about 6 to .7 metres, a special %ystem of 
automotor car with crane is used, such as shown in Fig. 61. It will 
be seen in that figure that between the bin and the car properly so 
called there is gelred an electric crane with its commutators, mag- 
netic brake and different arrangements 
to render th^ whole of the necessary 
manoeuvres automatic once the current 
is applied to the whole pf the car. By 
this system and by the aid of comple- 
— mentary arrangements of the line, the 
f I whole of the car can be arrested in any 

■ desired point of its course to pass the 

current automatically from the upper 
translating motor to the lower fhotor of 
descent, and of Uftiiig, driving the crane 
at will ; automatically to tilt the bin of 
its contents by the action of the electro- 
magnet and its lifting crane, after which 
the empty bin, coming to its highest 
position, acts at the same time on a con- 
tact which again causes the current to 
pass from the elevating and descending 
crane to the propelling crane, and the 
whole of the car starts in motion again, 
to return to the place where the bins are 
filled. The latter are filled by themselves 
at the hopper by a manoeuvre, say, ex- 
changed against others filled between 
times in the course of the journey of 
the preceding ones. In general, these 
automotor cars consist of two*cheeks of cast-sf.eel firmly held to-*’ 
gefher by cast-iron cross-pieces,, between which are lodged crucible 
cast-steel pulleys wjth deep grooves, the bosses of which turn freely 
on axes of phosphor bronze acting ‘a? Ihkricating reservoirs. A 
whdfel gearing with the steel pinion of the e^eutric motor is fitted on 
the outside of one of^these pulleys, and on the boss'of the oth^ ^ 
brake pulley is mounted, the hand of which, stretched on aF powerful 
spring, f'on tthe type of a coach-spring, is automatically liberated ' 
when at wOrk by an electro-magnet. There are a very large munber 
of* thvse ‘types of electrical .’cr-rs, so as to respond to the different 
problems occurring ifi industry. For example. Fig. 62 sho^ys a 


Fig. 61. — Special Automotor' 
Electric Car with Crane. 
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special system of car for spanning very sharp curves. Wiere will 
also be seen from the figure the difficulties wt|bh*had to be SMr-i 
mounted in a factory the free space df which at this point i8j,’^8trtcted; 
as shown in the engraving. It also shows the use of bins with bi- 




Fig. 62.-*-View of Special Electric Car Conveying turning rapid curve*. 

latj^al discharge by the un]atching«of the system of closing of the^ir 
side doors. Fig. 63 shows a bin of this syijtgm hooked a^p^cial 
car with a specially arranged crar.e*\Vhich*is used in the siloing of 
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various %liaterial8 before being fed into the different hoppers. It 
I 'will be seen tfiafithe bin shown in the engraving is fitted with a 
jfour»wh^pled truck which ^enables it to run on Decauville rails in 



Fio. 63. — iilectrio Conveying Ca<\ St Silo. 


tthe space through whKih it proceeds to the filling of the bi|is. Ae 
iipost in^portant point^) of this system of electric traction must be 
described. If the railway is straight the speed may reach 2 m^es 
t(6 ft. f in.^ a second. ^But this is not generally the case. A system 
^ften contains very sharp curVes, in which the car and the suspended 
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bin ought to have a much lower speed than that given abbve. ’it 
■will be ^en that the centre of the system in m^toilT, being mubh 
lower than the railway on which ft rofls, centrifugal "foi^ cftrre-' 
spending to the sped of 2 metres per second would cause the system 
to device apnreciably from the vertical, which might cause mishftps. 
To obviati tnis, in the Bleich^rt system resistances are^tted on tne 
pnductor at the passage of curves, so|is to diminish the speed only 
in the curved part of the course ; in flie straight lines the speed is 
s maximum. Another peculiarity consists in the arrangement of 
the poinig ; so long as the apex of the points is not well closed a 
commutator electrically isolates on the opening of the latter a 
certain length «of conductor up to the points itself. The car^then 
becomes stationji^ in front of the points if these are badly shifted, 
which avoid* accidents. The length of this insulated trunl*i1l such 
that the truck cannot reach the points in virtue of the aliquired* 
speed. When it is not a case of heavy freights, the most praci^cal 
system is that in w^hich the trucks accomplish a double journey on 
the same line ; but injthe case of important installations the railway 
is arranged in a circuit, so that the trucks can circulate in the same 
direction and folio w*^ach other continuously. So as to stop or start 
the trucks at any desired point, the naked conductor which ti^ns-' 
mits the energy to the trucks is divided into sections, insulated the 
one from th^ other, and, as need be, such and tuch •sectiifkis ^re 
brought into circuit or out of circuit by simple commutators w orking 
automatically, which can be placed at any necessary spot. ^ 

The division of the line into separate sections has the advan- 
tage of forming a block system, which prevents any collision auto- 
matically, and any shock between the trucks at the points or the 
crossings. Each truck reaching a section interrupts autdlnatically 
by means of a commutator*the current from the section it •has 
just quitted, so that the wagon following, arriving on this sectioa, 
which is thus out of circuit, stops of its own accord. As soon as 
the fir§t of the trucks just described arrives at the end of the section 
which we hav^seen it entei’ it automatically turns a commutator, 
which re-establishes the cifi'rent^n the seclson on which the follow- 
ing wagon is standing, which caai ifl this way continue its journey, 
repeating th* preceding operations^ in the same cycle for the truck 
following. In that way no truck can reach grossings and points 
iintil the }^agon ^hich ^^dedes is at a suflmierfl distance, and 
before can pass them^n its turn. • • 

» This arrangement, indispensable to anj suspended electric 
railway «i which a regular and safe service^ is required, produces 
hi certain points — for example, where the trucks ar* filWd — the 
;ol]«wiDg effects. The truck reaches the ^ot where it is filled,^ 
itops automatically, the current on tb^ section on which il is placed 
lavipg been cut by the truck ahead* The Workman, the only one 
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general^ required for operating these installations, opens the 
V8(ive which s!iu%the hopper, thus allowing the matter to run into 
•the hin^^nd after having receipted its charge, brings the section into 
circuit. If, owing to . fortuitous circumstances, the loading of 
the^truck takes rather*loeg, a large number of wagons would arrive, 
but it woul(^be impossible for them to advance owing ^o^he block- 
ing of the line, and they wotdd be forced to arrange themselves at 
regular intervals along the \ihe. As soon as the charged truck 
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I’m. 64,--Eleotriotk»nveyiqg Cfc tilting Contents into Silo. 


starts, the following one ^dvand^s automatically and^stop$ aji, the 
hopper to recewe charge. The <»theff Jirucks follow the lead 
andtadvance one after thf? other until tffeir tvn comes f5 take their 
place at the hopper, and the same routine |oe8 on continuously. « 
As already mentioned, all supervision during the jpurne^ is- 
absolutely superfluous, the trucks are unloaded automatically, for « 
4he bol£s wliich hinder the birr from tilting, or which keep the.^j^ea 
of ^th^ biij closed, un^8fich themselves during the working by means 
of a bolt. Owing to these 'arrangements it is possible to obtain 
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great tratni on tho 
whole liii| These 
aerial railways on the 
electri^ automatic sys- 
tem may be supported 
outside the building on 
wood or metal brackets, 
leaving bel<^w them the 
necessar}” freedom for 
working in the factory 
and assuming, conse- 
quently, shapes ^tppro- 
priate tllereto. At other 
times, as a measure of 
simplification •or econ- 
omy, these mils are 
hooked otf to wall 
brackets or even to ex- 
isting beams. Fig. 64 
shows the automatic 1111- 
ing of dlos by an elec- 
tric miiway suspended 
from old wooden beams, 
whilst Fig. 63 shows 
that the automatic elec- 
trical railway has been 
suspended from new 
metallic structures. The 
system of bin and car 
of Fig. 64 is a stout 
thick-set system in a 
vertical direction, tak- 
ing into account that 
the old wooden beams 
Df factories are at this 
point • surbased, that 
ihey onjy ajlow of a 
small heap, and that 
:hu8 all economy in the 
vertical height of the 
)lanf installed is par- 
liculariy lappreckiteid^ * 
}n the other^hand, Ijf 
k new building like that 
>i Fig. «3, the neces- 
ary vertical height can 
NS4ilculated at leisure, 
ux>fiting in the design- 

Qg||)f thft tilfl/nf, hv the • 
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of a sufficient height to instal an appropriate system 
, of transport. Chjs system, so remarkable and so simple in itself, 
insures tl^ conveyance with a ndnimum of handling of big tonnages 
in as automatic a manner as possible. 

The Com 2 )a>(jnie St. fClqbain, Chauny et Cirey, has just erected at 
its Ghantenay chemical works near Nantes an importOn^ installa- 
tion of this nature. Th^ photographs (Figs. 65-66) shd*w as a whole 
similar installations in che^iical factories and superphosphate 
factories. The fiij^t is the Pommersdorf chemical factory and the 



Fia/66. — General Arrangement of Electrical Conveying Machinery in 
Eimnerich Chemical Manure Factory. ^ 

9 ^ . 

second the Emmerich chemical ^nafeure factory. These automatic 
conveying installations in factories where quantities of material are 
treated are 'bf capital impla'tanc^^ for go-ahead manufacturers de- 
sirous of lowering their wages bill and,io pjace themselves as Ar as 
possffile beyond the risk^of strikes. ItTwouW tead u^too^far ta 
develop all the applications which can be rnide of th^ system, th^ 
more so as each new {uoblera leads to a new solution. It^ is toibe 
hoped that enough has, been said for readers to have at their finger- 
onds allHhe^id vantages of the^e new systems, which not only are 
already spread throughout France, but have more especially a^n- 
•3id'6ranl© ‘developmerit abroach* \Ve cannot terminate this slight 
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review of these automatic conveyers withbut bringing to ayud fhat 
the question of.the automatic conveyance of mw Malbrials from tho^ 
ships or wagons in which they ^rrivS is likewise jmi important* 
question, especially for large factories. Fig. 67 shows tli^view of 
an autematio conveyer installed by the Co^npujnie St. Gobain its 
Boucau qjiefhical factory, fig. 68 shows a conveyer of this nature 
insjialled for a German factory of chemical pfoducts by 5Vd. Bleichert 
& Co. Sometimes, as will be seen ii^Fig. 67, the cargo discharged 
' from ships is simply disgorged by tilting-bins or |lings into fixed or 
rolling Ijoppers or into rolling stock, or sometimes, on the other 
hand, these automatic trai^shipping installations are continued by 
automatic coi^veyers like those described above. The atten^on of 
those workinf^ phosphate deposits is drawn to the rope system 
adopted by^e C'* Centrale des Phnapkatea d Paria for worliing its 
deposits of Bordj ITDir. *• ^ 

There will be seen in Fig. 60 a considerable development of 
these rope railways which collect the phosphate into the |{retft 
j warehousing hoppers at the railway station of El Anasser Gall)oi8, 
Algeria* Local considerations, the price of labour, the greater or 
less tonnage to be ^dischj^rged and handled, the regular or inter- 
mittent manner in which these transhipments or shiftings occuifc 
can alone afford, in each case, the necessary data to solve the prA)lem 
in the most satisfactory manner in the interests of the manu^cturer. 
The best course for manufacturers who occupy themselves ^rith 
these questions more and more is to submit the problem to the* 
study of specialists trained by constant practice. * 
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Afyctfn pho^hates, 37, 3 h, 00, 01. f 
Ain-Beida phosphates, 39. 

Alaljama iiiver pebble pl^.fplipifpH, 35. 
Albi^, upper, 22. • 

.Ibomen, IjO.* ^ 

!lcant|fa phosphates, 30. 

Alder, potash in ai-h of, 314. 

Algerian pbosj^ates, 37, 38, 39, (JO, 01, 
85. 140.y 

Algerian phosphate warehousing plana, 
• 372. 


4i; 


-phates, 12. 

— 1^(1 sodiijfn phosphates, 11-12. 

— earbonatc, 29‘Jf 

— chV)ride, 12, 230, 230. . 

— citrate, 142, 213. 

— cyani<i#?, 258. 

— nitrate, 291-2. 

— oxalafe, 297, 300. 

•— phosphate, 11-12. 

!ulph%te, 292. 


Bulplj<o%anide, 257. 
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A.miSoniujri,urate, 300. 

Angamos guano, 48,^0. 

A.ngaur Island nhoKi^cte, 41, 50* « 

Anglo?CoiT^iaemal Guano Co., 109, 301, 
302. 

A.ninml charcoal, 193-4. • 

— debris, origin of i)ho.sphatt‘S, 4. 

— waste, convirsion of into manure, 

206-79. 9 . 

Apatite, 4, 11, 27, 30. 

— Canadian, 30, 64,^)i5, 70, 85. 

~ Norwegian, 27, 52, 53, 70. 

— jpseiado, 4. 

— .Spanisli, Estrcmadura, 5, 29, 52, 

Si 

Arabian pJiosphates, 40, 60-1. 
A.rdechef)hoBphatbH, 23. 
A-rdennesJ^hosphates, IH, 20, 52-3. 
^rioge phosphates, 23, 

^kan|as pi^sphates, 37. 

Aruba phosphates, 42, 56, 57, K5. 

Ash of plants, potash in, 314. 

Ashmore Island guano, 51. 

Aube phosphates, 18, 

^bervilliere dried blood and meat meal 
ftiAtory, 273-4. 

Austtallan phospho-guanos, 58-61. 
Austria-Hitngari^n phosphates, 27, 52-3. 
AuxoiM phosphates, 20-1, 

Avalo Isle guaik), 56, 57. 

Isle phosphates, 41. 


Badajoz phosphates, 30. 

Baker Isle guano, 41, 44, 51, 60, 61. 
Ball mills (phosphate grinding), 88- 
97. 

Balleatas Isle guano, 58-9. 

Barley straw, potash in, 314. 

Barlow phosphates, 33, 54, 55. 


: Birkeland-Eyde furnace, 288. 
j Birkeland’s nitrate of lime process, 272. 
i Bisulphate phosphate, 168. 

Black band, 51. 

Black, bone, 193-4 

: Blast-furnace dust, potash front, 342-5. 
; — gases, potash from, 3li2-^ 

Bleaching of bone fat, 186-7T 
! Bleichert <fe Co.’s mono-rail, 367-73. 

I Blood, dried, 192, 266-72. 
j — drying of, 267-70. 
i — in manure mixing, 192. 
j — phosphates, etc., in, 6, 7. 

I Blue Itfver phosphates, 34. 
j Bohemian apatite, 28,^2, 53. 

! Boiling meat for meaj;,.meal, 272. 

I Bone ash, 85, 194-5. ^ 

, — bed, 26, 51. 

. — black, 193-4. 

; - -I composition, 176, 177. 

; — crushing, 180 2. 

: — degelatinized, 85, 188. 

— dusts, 85, 176, 187-90. 
i — earth, 85, 194-5. 

1 - fat, 1^2-7. • 

i ~ meal, 85, 176, 187-90. 

I — mills, 180. 
i — picking, 179-80. 

! — steamed, 182. 

— superphosphate, 190-2. 

Bones, bullocks’, 179. 

— buried, 179. 

— butchers’, 177. 

— cattle, 179. 

— classification, 179. 

— fe]/iliziiig value, 178. 

— fossil, 178. 

■ — grinding, 180-2. 

— horse, 179. 

— kitchen, 179. 

— sheep, 179. 

— Bto^ng, 178, * 


Basalt, phosphorus in, 3. * 

Basic slag, 144, 199-220. 

Bat guano, 61, 60, 61, 304-6. 

Beauval phosphate, 16, 24. 

Bedford coprolites, M, 65» 

Beech, potash in, 3l4. 

Beetles4«8 ilianure, 318. 

Belgian phosphates, 24-5, 52-o. 
Bellegarde-sur-Vhdne phosphlites, 62-3 
Benzine, fat-extraction of bo^es, 184-6 
Bessarabia |>hos))hates, 28. 

Bloaloio phosphate, 142, 212. 
Birds’^ex^emfnt, 295. / 

Birds’ Island guano, 51, 60, 6^.. 


— j^itrolizcd, 190-1. 

'Bornes phosphates,^23. 

Boulogne phosphates, 17,^52, 63. 
Brachiopods, 3. * , 

Brain, /ihosphates in, 6. 

Brittany £sn ^^ot 308. c p* 
•Broohon’s patern, 65. ^ 

Bromine from otassfurt salts, 324, 
'Brown Island guano, 41, 46,(2.5], 
61. 

Buenos Aires phosphate. 51, 56, 57^ 
Bukovina phosphates, 

Bullocks’ heads, 179. 

Burgundy ligs, phosphates of, 20 



INDEji 


077 


daeeres phosphates, 52, 53. 

Cakes, lilter press, 105. 

, Calais phosphates, 14-18. 

Calcining phosphates, 63. 

Calcium alumAiate, 208. 

— oarbonaie, 53-61, 78. 

— chloride, 76, 196, 320, 331. 

— fluoride, 53-61, 79. 

— iodide, 79. 

— phosphate, 4, .52-61, 75-8. 

— silica^l, 80, 203, 211. 

■ — sulphate, 80, 203-11. 

— tetraphosphaft, 204-6. 

Caliche, 222 ^ 

Cambrian, We|^h phosphates of, 27. 
Cambridge coprolites, 26, 54-5. 
Canadian apatite, 54, 55, 85. 

Cannes phosphates, 23. 

Cd-rbon disulphide, 184. 

I — in bone black, 194. 

Carbonic^cid, its functfon in nmnnre 
manufacturing process, 78. 
Carinthia phosphates, -T2-3. 

Carnallite, 317, 320, 329, 330, 337, 338. 
Carolina phosphates, 31, 54, 55, 85. 
Carr’s disintegrator, 121-2. 

— process, 67. 

Caucasian potash, 346. 

Cayman’s Isle, 41. 

Cement kilns, potash from, 345-6. 
Charcoal, animal, 198-9. 

Charleston phosphates, 54, 55. 

Cheese, 313. 

Cher phosphates, 22. ► 

Chesterfield Isle guano, 41. 

Chili guano, 58, 59. 

— saltpetre, 222-9, 292. 

Chilian potash deposits, 338. 

Chinches Isles guano, 58, 59, 296. 
Chlorine, eontent^ potash salts, iJBO. 
Chloroform, amount of fat ceded t«, 

• by various grades of bones, 188. • 
Christmas Isle^uano, 43, 60, 61. 
Ciplyjphfwphates, 23-4, 52-3, 85. 
Clipperton guano, 41, 49, 5U§6, 5J, 85. 
Coke ov^ns, M2-3. • • • 

Colombme, 313. ^ ^ 

Co| ^ ugd manures, 146-^. 
Ooimyinij^ystem, electrical, 365, 869- 
78. 


Confers, 72^ 86^3. 
Oofimtes, 25-7^. 
Coroovado guano, 58, by. 
05tl^de Or, 20. 


Crab guano, 310. < 

Cracow bat guan^52^ 58. 

Grudeipotash sal^ 317. 

Crusher, cylindrical, 123. 

— separator, 95-8. 
Crushingjsuperphosphatif 120-4, • 
Cup-chain elevator, 103, 360. 

Cnravao phf)Bphates, 41* 56, 57, 85. 
Cyajamide, 284-8, 291-4. 

— rules for use of, 293. 

CN'lindrical crushtf, 123. 

Damaraland guano, 51, 60, 61. 

Damp .superpliosphate, 75. 
Degelatinizcd bone dust, H5, J.. 

Delrno osteolite, 52, 53. - 

Don, manure mixing, 108-11.. ' 
Devonian formation, phusplmtos •?, 
Dicalcic phosphate, 11. 

Dicyanamide, 286. 

Dill phosphorite, 52-3.‘ 

Dimotallic orthopliospl\ato, 10, 
IHsmiiUlrs, 3, 

Disintegrator, 103. 

Dissolved bones, 190-2. 

— leather, etc., 1^.12. • 

— - Peruvian guano, 301 -ij. 

Distillery spent wash, an^nonia, 280-4, 
Distribution of phosphates, 51, 

Djbel gournia phosphahis, 39. 
j Dncistor phosphate basin, 28, 

! Dolomite in super manufacture, 110. 

I Double llollcr Mill, 100. • 

Double superphosphate manufi\jgtur< 

1 157-62. 

; Dr. Lorenz’s process, 128. 

1 Dr. Lutjcns’ process, 128-80. 

I Dried bipod, 192, 266-72. 

Dr5me and Is^ro phosphates, 23. 
Drying blood, 266-72. 

— in vadho, 268. 

raw phosphates, 62. 

— superphosphates, 124-37. 
l)ry milking of manures, 146. 
Dumoncean anf Nicolas patents, 65. 
Duncan’s patent, 172. 

E. 

Eagle, dungfof, 295. 

Coast (Patagonia) ^anf, 66*7. • 
EboU bat guano, 305. 

E^e^runner # for grindin^^ ra* pho«< 
phatet, 87. 
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Effront’s ff nmentation ammonia, 283-4. 
Egyptian bat gua1lo,#|J0r). 

* — phgBphate8,^39, • • 

4lectncal«>oto-motor truck, 301-8. 

— convcycra, 357-73, 

Electric fumayp, manufackirt^ of phos-. 

phoruB in, 170-5. • 

Elevating phOH^horic acid, >55. 

— raw phoHphateB, 104. ^ . 

— sulphuric acid, 107. 

Elevator, cup chain, (f 03-4. 

Elevators, 103-4, 

Enderbury Island guano, 41, 58, 50. 
English phosphates, 25-7, 54, 55. 
Enriclftnent of phosphates, 02, 04. 
Estremadura apatite, 5, 20, 52, 53. 
Expcrirfejjts on hay, 144. 

^ — on oaMis, 133. 

F. 

’^alkland Islands guano, 50, 57. 

^ancKje of raw pliosphates, 04. 

'anning Island, guano, 41, 40, 51, 58, 
59. 

'anstT'f Buporphosphato dcnB, 111. 

■'at, bone-extracting and bleaching, 
182-€. - ^ 

'ekTinann’s steam still for ammonia 
li<i[Uor, 2^7. 

Vlixtowe coprolites, 27. 
i’elspar, electrolytic extraction of potash 
from, 340. 

i’ernando Koronjo phosphat*', 43, 50-7. 
f’erns, potiwdi in ash of, 314. 

)'errie chloride, 13. 

— oxide, 13, 80, 140-1. 
phosphate, 12. 

^’errol guano, 304. 
ferrous oxide, 13, 200, 215-0. 

-- phosphate, 80, 214-17. 

— sulphate, 80-1. 

— sulphide, 80 * 

^fertilizing value of basic slag, 210-2tf. 
-- of bones, 178, 188, 278-0. 

— — of cyanamido and nitrate* f lime, 

201-4. • 

-- — of meta and pyrophosphates, 
l33. ^ 

— — of phosphate of pt^tash, 108. 

— — of potrfsh salts, 313f 330-3. 

Filter press, 106-6. * 

-T- — plefces, ^itch pine, 155. ^ 

Finish d products, hahdlii^g, 357- J3. 

— >’-Rn!!ferenoe, 357-73. , 

Fish guano, 292, 306-12. * 


Fish scrap, 311. 

— waste, 306. 

Flatstone Mill, 88. 

Flint Isle guano, 41. 

Florida phosphate, 32-6, 54, 55, 85, 
Fluonlsle phospho guano, 41.* 

Fossil bones, 26, 51. 

Fluorine, 79, 156,. 178. 

Fray Bentos guano, 274. 

Free phosphoric acid, 75. 

Frigatte Shoal guano, 51. 

Fuel used in drying supernhosphate 
13;. 

Fumes from mixer, condensing, 71,. 
111-3. • 

meat boiling, ^wndensing, 272-3. 

G. 

Gafsft phosphates, 37, 60, 61, 85. 
Galafalite, 341. 

Galician bat guano, 51. 

— phosphates, 28. 

— potasli deposit, 337. 

— salt and potash deposits, 316. 

Gard and Ardeche phosphates, 23. 

Gas liquor, 231-50. 

— Monti’s, 235, 254. 

— purification waste, 256. 

— Siemens’, 235. 

Gault Clay, phosphates of, 17, 23. 
Gelatine, extrsetion of, from bones, 
182, 184. 

George Isle phospho guano, 56, 57. 
George’s crusher sifter, 133. 

Ger^fian potash industry, 333-5. 

Gibb’s furnace, 172. 

Glaser’s process, 67. 

Glauconitic sand, 18, 23, 38. 

Gneiss, 3, 51. 

Goodrich mineral phosphates, ij4, 55. 
Grar^ilet, 3. « • 

Greaves, 313. 

; Green manures, 202. 

: — manuring, its role ii^the future, 306. 
Grinding bones, 180-2. * • 

' — r»w pjp^phate, 86-102. 
GuanakanrpLosfiho guarft, 54,<)5. 
Guanape gqifino, 58-9., 

Guano, Abrolhos, 41, 5lv 60, 6 

— Algoa Bay, 51, 60, 61, 3fli3. 

— Angamos Island, 58-9. 

( — Angaur Island, 50^ 

— Ashnaore Island, 

— Avalo Island, 56-7. 

— Aves Jsland, 41. 
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Guano, Baker Island, 41, 44, 51, 60- 

— Baltestas, 58-0. 

— ba^ 51,‘60, 61, Ji04-6. 

— Birds' Island, 51, 60-1. 

— Brown Island, 46, 51, 60-1. 

— Cav^an’s Island, 41. 

— ChinoJia ftles, 58-0, 206. 

— Christmas Isles, 46, 60-1. 
Clipperton, 41, 40, 51, 56-7, 85. 

— Corcovado, 58-0. 

— crab, 310. 

— Danjiiraland, 51 ; 60-1. 

— Eboli bat, 305. ^ 

— Enderbury Island, 41, 53-0. 

— Falkland Islands, 56-7. 

— Fanning Ishwad, 41, 46, 51. 5K-0. 

— fish,. 200,4106-12. 

— Fray Bentos, 274. 

— Galician bat, 51. 

— George Isle, 56-7. 

— Guanahani phosplio, 54-5, 

— Guiypape, 58-0. 

— Ho>^and Islands. 4^, 5'^-0. 

— Huanillos, 58-0, ^ , 

— Huon Island, 60- 1! 

— lobaboe, 51, 60-1, 303. 

-- Independencia Bay, 58 0. 

— - Jarvis Isle, 41, 45, 51, 58 0 

— Jcyies Island, 51, 60-1. 

— Kurian Murian, 51, 60-1. 

— Ijacepade, 41, 47, 51, 60-1. 

— Leysan Isle 51. 

— Tiobos de Afuera, 40, 58.6. 

— Lobos de Tierra, 58-0, 304, 

— Los Aves Isles phosplio, 56-7. 

— Los Hcxiues, 41,56-7. » 

— Macabi, 58-0. 

— Makatea, 41, 50, 

— Malden Island, 41, 51, 58-0, 85. 

— ilaracaibo (Monkey Island), 56-7. 

— .Mary, 51, 58-0. 

- MejMlone*,^, 51, 58-0. 

- Menhaden, 310-1. 

- Monk’s I>,lan<l,43, 51. 

- Ni^uru, 4^ 50. 

-4Korwegian fish, 308.0. 

- Ocean Isle, 58-0, 

- PWbell^ de Picit, i^-0. 

- Patagonia^, 51, 56-^ 

j Peruvian, 51, 58-0, ^5, 205-B03. 

- 4'om Rico bat, 54-5. 

- Punta de Lo^s, 58-0. 

^^aza, 

?^a'danh^y, 6(f 1, 303* 

P Sardinian bat, 51-3. 

• Shark’s Bay, 51, 58-0 


Guano,* Sombrero. 41, 56-ff 

— Staibuek, 41.|^8^6 
'Winor Islarflf, 5l, ijp-L 

— Vivorilla Island. 5], 54f> 

Guanos. 51, - 

Guelnn^plcosphate, 30^ 

Gypsum, 11>*75, 76, 7'L 154. 161. 

• • 

H. 

Hair, bulloeks', ||13. 
llalleneourt phospfiaias, 14. 

Harding's process. 172. 

Hard rock phosphate, 33. 

Hardvillicrs phos|)hatt s, 14. 

Hartsalz. 335. 

Hart/, apatite, 52, 53. > 

Hautes Marne phosphates, 18. 

Havana ])hosphates, 54, 55, * 

Helnistedt phosphorile, 524 53. 

Hens' dnng, 205. 

Heymanii and .Nitseh’s process, 127. 
Historical n*\ic\v, 60-74, 154. 
Hfidgkiiis’ patcnf, 67, 

Hoof and horn dust, 274, 313, 

Horde phospho^i((^ 52, 53. j 
Horn, 102, 274-7. 

- dissolving, 2^4-7. *' 

li<|nor. 276). 

Hornpiths, 170. 

Howland Island guano, 41, 58, 50 
Huanillos guano, 58, 5!). 

Human skeleton, 7. 

Humus. 144. 

Hungarian hat guano, 304. 

Huoii Islaml guano, 60, 6], 

Hydrogen sulphide, 250. 

I. 

lahne’s patent, 66. 
ehahue guano, 51, 60, 61, 803. 
chlliy8<;Dl, 82. 
chthyosnurus, 25. 
m ports of guano, 50. • 

nd^ KUidencia I5ay gnano, 5P-9, 
ndian iKhasfi de|:jhils, 337. 

.(Kline in phosphates, 70. 

— in bitrate, 224. 

Ipswich coprolites, 54, 55. 

Iron acetftes, 13. • 

— - and a^uDdim, phoaplmtes of, 80-2 
. 135,158. 

oxide, 

^^phosprVte, h3«lr'ated,*H0-ii 

— — ol* 12, 13, >^0, 214. 
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Iron jftlpha^ 

— aulphi le, 80. c 
B-Tine’s furnace, 172. o« 
l8#re plfosplyiites^ 23. 
Italian phospl|ate«, 52-3. 

— pDtiHih 3H7. 


Farvia Island guano, 41, 45, 51, 58, 50. 
FaW'bfeakcr mills forf^aw phosphate, 
98, .00, « 

FonoB Island guano, 51, 60, 61. 

Iordan phosphorite, 60-1. 


j Lime, phosphates of, 10. 

I Lobos de Afuera guano, 40, 68, 59. 
i Lobos de Tierra guano, 58, 59, 30ii 
I Logrosan phosphorite, 54, 65. 

I Los Aves Isle phospho guano, 66, 57. 
i Los Iloques guano, 41, 56, 57. ^ 

i iron phosphates, 56C. . 

I Lot phosphates, 22, 23, 62, 

J Lunge’s ammonia still, 244. 
i Lutjens’ superphosphate drier, 128-32, 
141. 

I Lyme Begfs phosphates, 25, 51^. 

i ' M. 

I 


E^nlt, 318^>2< 32i!;W^331, 335. 
K!m8erit, 020. 

gi’hurn Seot4 furnace, 280, 
j^Ja^rs’ bones, 170. 

pft(^bft.|tpatue, 52-3. 

■ i,ig^20. 

^'ball mill, 88 05. 
potash (sunflower), 347. 

guano, 51, 60, 61. 
Kursk phos^dioriic- , 54, 55. 


V L. 

Ijabepedes guano, 41, 47, 51, GO, 61. 
Lahn phosphorite, 52, 53. 

Lair’s, de, aramoiiia still, 248. 
Lambert’s dr;jer, 125. 

Laming’s mixture, 266. 

Land lobbies, 36. 

— phosphates, 36. 

Landi’s method, 173. 

Langbeinite, 337. 

Langesund ohlorapatite, 52, 63. 
Lavanthal phosphorite, 62, 53. 

Lawes and Qilbert’s experiments, 233. 
Lead-lined vessels, 107, 156, 167. 
Leather, dissolving, 102-3, 277. 

— grinding, 102. 

— i^avlflgs, 277. 

— waste, 102-3, 27f 
Leysan Sjle'guano, 51. 

Lias phosphates, 20. 

Liebig’s theory,! 154. * 

Liege phosphates, 25, 52, 53,|85. 
LiaulideSt ^ 

Liine, milk of, 106, 2.41 >244. 248-9. 

— ni^t^ 2617. , ^ 

— nitrogen, 285. 


Macabi guano, 58, 50. 

Magnesia, 78, 211. ^ ♦ 

Magnesium and potassium double cAr 
bonate, 327. 

sulphate of, 32G, 330. 

— carbonate, 110, 232-7. 

— chloride, 151, 317, 310, 320, 324. 

— phosphat?, 12, 78, 151, 211.' 

— sulphate, 110, 310, 320, 323, 327. 

— tetiaph’osphatfe, 211. 

Maikopp potash factories, 340. 

Maize, po‘a8h‘in ash of, 314. 

Makatea guano, 41, 50. 

Malden Island guano, 41, 51, 58, 59, 
85. ^ 

Malogne phosphates, 157, 

Manures, compound, 146-53. 

— mixed, 146-53. 

Marac'ibo guano, 66, 57. 

Marne phosphate, 18. 

Marte^.ine, 320. 

Martin’s process, 66. 

Mary Island guano, 51, 58, 59. 

! Moulows, manure for, 144, 152. 

! Measuring tank acid, 107. 
iMeat meal, 180, 270-4. * 

I Mejilloi^s guano, 47, 4^, 58, 50. 
j Meqhaoen guano, 310-11. 
I'Mek^phosphate of lime, 133. 

I Metaphosphoric acid, 0, ly, 157. 
j Jllense phosphates, 18-10. ‘ • 

I Mexicap. ph^imhates, 70. 

1 Microbiciio, ^^pKatic peait as, Jj69. 

! Mills for grin^n^ bones, 180-2. 

! raw phosphates, ftS-lC 

Minerva Isle guano, 41. ^ 

Mixed manures, 146-53. 

Mixer, 8uperphosphatfe^l07%J09 
Mixing triads, 82. * 

Molasses, fermentation, 282. 

— potash fppm, 348. 
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MoUer and Pfeiffer’s drying machine, Ottawa apaute, 04 , o ) 
12j6. 


le, Ottaw|, apaute, 04, o ). 

Oxygei^ted conj^i^ds of*p^osphorus, 8 


Mojja Isle ^uano, 41, 5(5, o7. 
Mo^id phosphates, 11 , 12 . 

Mond gas, ammonia plant, 235 (». 
Monkis Island guano, 43, 51. 
Monocalcic phosphates, 10 , 11 , l(it“.. 
MonomeA,|plic orthophosphate, 10 . 
Muriate of potash, 320-32. 


: Pabellon dc Pica guancJ^H, 50. 
Palcstilie j)lmsphoritc^0-l. * 
Parker’s uamnt, 172. , 

Pas do Cal4is phospliatos, 14-18, 52 

* 53. 


N. 

¥* 

Napht%no.s, 82. 

Nauru guano, 41, 50. ' 

Navasga phosjfhates, 42, 51, 50, 57. 
Nettles, pota ai nn, 314. 

New York apatrtb, 54, 55. 

Nitrate of ammonif, 221, 201. 

— of lime, 11, 287, 202'. 

— of manganese, 228# 

— of potash, 227, 313. 

— of silver, 221 . 

— of«Dda, 221 - 0 , 203. 

boiling-point of solutions, 

227. ^ 

Nitrated .phosphate, 151. 

Nitrates, direct production from air, 
287. 

Nitric acid, 221. 

— from ammonia, 201-3, 

— nitrogen, 278. 

Nitrogen, ammoniacal, 278. 

— nitric, 278. 

Nitrogenized phosphate inanureB, 205. 
Nitrogenous manures, 221-05. 

composition, 313. 

Nitrophosphate, 151. ^ 

Nitrous sulphuric acid as solvent for 
leather, etc., 103. 

North German potash deposits, 335. 
Nowegian apatite, 27, 70. 

— tis^ gua^io^08-0. 

. 0 - 


Oakifilter ;^ess frames, 155, 
potash in ash of, 314. 

Oa^g, ex^i^rimcntf^m MW. ^ ^ 
Ocemi Isle phosphatfll, 58, 50. 

Oise pho.s^h<Pte, 14. # 

%0ntarm apatite, 30, 54, 55. 
Orgamsm, function of 
Qrtboph^hoi# acid, 10, 132, 137. 
tf^^ille pios|^tes,«14, 15^ 10. 
Ossein, l'^^r 
Osteolite. 62-3. 


Patagonia P’nst Coa.st i^uano, 50-7. 
Patagonian gue/io, 51, 50-7. \ 

Pauling furnace, 280. 

Peace lliver pho>phates, 35 , 30, 54 , 55 
H.5. , 

Pehhle phosphates, {15, 130. 

Peine coprolite.s, 52^ 53. ^ 

Permian saurians, 3. _ w 

Pernes phosphate basin, 14.\ **• 

l*eruvian guano, 51, 58-'.^ 85,^05 -^ 
Peteriuann’s process, 07. 

Pfeiffer’s ball mill, 05-7. 

Phumix Isle ^^uano, .41, 58, 50. 
Phosphate nitrated, 151. 

— - pre(hpitated, 105:8. 

Phosphates, acid required to diss 4 #*»' 

75-85. * 

— drying and enrichment. 02 - 8 . 

-- geological (list rilution, 51. y 

— of alumina, 13, i 

— — ammonia, 11 . 

— — iron, 12 . 

— — lime, 10 . 

— — magnesia, 12 . 

— -- sodium, 11 . 

— raw, description ano' gi*<Mjfraphi 9 t 

distrihution of dqwsits, ’44-01^ 
Phosphatie manums in soils, 143^ 

— peat, lti 8 . 

I I'hosphognanos, 40, 51. 
i'hosphoric acid, 1-13. 

— — in animals, 4, 

— — * inamifacUirc, 154-7. 

plants, 4. 

— — seal, 4. 

— yvnhydride, 0 . 

Plinsphorite, lUassiiur, 28-0 
Phosphorus, 1 -H.^ 

— nynufacture, 170 5. ♦ 

— oxygenatf'd compounds, .. 

— properties, 7. ^ 

Pigeon elung, 205. 

Pine, potash in, 314. » 

Plate rock, * 

Uum trvip woo«T 155. ^ 
l%>dolii^*phospi\^es, 54, iW, 
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Polk ^u. piiOHiiiKi.ies, i55. 

Pollen, phot^oruH^n, 6. 
4’olykalite, 819, 88o. ^ 

P(jrto liico bat g«ano, o4 5. 
Portugal a^ite, 80. 

Port Royal ph^hate, 54, 6^ 
PotaHli*!roiTi alulfite, 84% ’ 

— — mineral sgurceB, 8'lfr^ 
sea-woedK, 849-54. 

— — wood ashoH, 847. 

woo I- scouring waters, 

— salts, 810-50. ^ 

— — Russian, from sunnower, 
Potassic manures, 814-50. 


840. 


River pebbles, 34. 

— 4)ho.sphate, 84. 

Rocks, primitive PoO,^ in, u. 

Roller mill toothed for raw phosfTjfatea, 
99-100. 

double for raw phosphate, 100. 

Russian black earth, Tch^mo Sern^ 6. 

— phosphates, 28, 29, 54, -^51 

s. 

' St. Martin’s phosphates, 51, 56, 57. 

Sal ammoniac, 818. i> 

Saldanhf Bay guano, 00, 61, 803. 


Potassiu^n and magnesium double car- , Sale of raw phosphates, nfU. 


bojuitc, 827, 880. 
■ sulphate, 826. 

— phosphate, 829. 

-^'Sirboj^Ato, 827, 846-7. 
^^chloride, 820, 882. ^ 

‘f27, 818. ‘ 

— pho.sphate, IO7. 

— silicate, 829. , 

— sulphate, 820, 828, 829, 880, 

— superphosphate, 162-8. 
^■cipitated phosphate, H5. 

— ifianufacture, 67, 195-8. 
Principal phosphatt; deposits, 14. 
PuertcL Ric(} oat guano,/)4, 55. 
Pump mr phosji^horic acid, 157-8. 


Salt, common, 3*6, 824. 

— lakes, potash in, 89^. 

Sarde bat guano, 804. ^ 

Sardinian bat guano, 51, 52, 58. 
Saurians, 4. 

Sc hard’’ s patent, 129, 

I Schlaggenwald apatite, 52, 53. 
Schoenite, 819. « %; 

Schonherr-Hessberger furnace, 288. 
Schucht’s processt 66, 137, 

: Sea-fowl excrement, 295. 

: Seal guano, 304. 

I Seed, phosphates in, 6. 

I Setif phosphates, 39. 

Sfax phosphates, CO, 61. 


precipitated phosphate lilter press, | Shark’s Bay guano, 51,58, 59, 

KIT ! vK/.nf y-i 


197. 

Punta de liohos guano, 58, 59. 
Pyrenees phosphates, 23 
Pyrophosphoric acid, 9. 

‘ « 

Quercy (Lot) phosphates, 22, 23. 
Quick-speed bone crusher, 181. 

R. 

« 

Rata phosphates, 41, 43, 56, 57. 
Raw materials, handling, 357-73. 

‘ti'ansferonce, 357-73. 

Raza Island guano, 56, 57., 
Ret?fr<ft«.:j.'s patent, f?l. 
Redondrt,^V^M2(^phate, 56, 57. ^ 

ntii'zation of, 164-5. 

Reduced phosphates, 152. 

Reeds, potash in** ash of, 314. 


Sheet rock, 34. 

! Sidney Island guano. 41, 58, 59. 

Sieves, 104. 

Sifting machine, 104. 

Silicic fluoride, 112. 

S-'kw?rm litter, 313. 

Silurian tlsh, 3. 

Simpson’s patent, 65. 

Skin debris, 177. 

Slag, basic, 144, 199^220. r 

SloW'Speed bone crusli^ 180. 
Sodium^and amnionii\m phosphates, 11, 

« ; 12 . 

— phosphates, 11, 12. 

S^Mt phosphate, 34. ^ r, 

Soil migration of phosphoric acid in', ^-4. 

— supe1[phoC{iljates,))ecome u^oluUe in 

the, 143. r ' 

Solubility of pllkusphates k'. soil, 143. 
Soluble phosphates, 75. 

Sombrero phosphates, 41, 56, 5?.' 


Remover, autompjitio, of superptiosphates , Stmine phosphates, 14^.18, 52, 53, 8 
' ' ■ ■ te^l.'^- 


•from deifr, 114-20. 
Retrogradation i iidi ca^*r , 1 3tV 
— (redaotljii) ot plWphates,' 137. 


V Sorting raw phosphates, 
i South Carofina phosphate^^31, 54, . 
Spanish nhosnhates. 5. 52-5. 
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Spani^ potaslf deposits, a37, 

"ipept bone char, r.)4. 

— wasH,* utijization, 2>^0-4. 
itani^g mill, 101-2. 

Uarbuck Island guano, 41, oH, 50. 
Itarkei^ach coprolites, 52, 53. 

>tassfurt salt^ 315. 

statistics, • induction of supciiphos- 
.phates, ?45. . 

steam stills lor ammoniacal li(|iior, 
247-50. 

steamed bone dust, H5. 
stercoril®, 12. 

Itruvite, 12. 

Suffolk crag. 2().«' 

— coprolites, 20, 27, 5-f, 55. 
lulphate of an?!lfc<na, 2t)3, 202. 
'lulphophosph%tcs, 1<)3-H. 

•luperheated superphospiiatc, 132. 
Superphosphate, basis of sale, 141. 

— bone, 100-2. 

— arnmoniatod,' 147, 152, 153. 

a^ potash, 1()2., 

-^dens, lOH-11. 

— drying, l^y-lir 

— grinding, hT). 

— historical review, 1)0-74. 

— manufacture, HO I 13. 

— mixing, 107-11. 

— proi-uction of, 145 

— retrogradation, 137. 

— shifting (mechanical), 114-20. 

— sifting, 114-45. 

— storing, and retrogradation, 114. 

— superheated, 132. 

— theory of mauufactun', 75-85. 

)wan Island guano, 51. ^ 

Jyenitc, phosphorus in, 3. 

Sylvine, 317-37. 

Sylvinite, 317, 318, 320, 330, 335, .337. 


^Tallahasee phosphate.s, 51-5. 

Tebessa phosphate,s^38, 00, 01. 
'Telco8%urus, ‘.♦5. 

TenlTb^see phosphates, 30, 54,55, H,5. 
Testi^.s liljijsphatesyo] , 5^^)7,® 

' — iro» phosphates, 50*^. * 

Thonnar and y*ixton’s jp^ent, 00. 


Timor Island guano, 51 /oo, Ol!^ 
Toothed^ller mill, .00- 1021 f 
Toquevil»phosi^W, 00, 01. 

'J*t)rtu%H guano, ffli. • 

Toxic fumes, removing. Illil2. 

— ga.s condensers. 111-1^ 
Tril)asic^iht)sphipi' of a^ionia,*! 1. 
Tricalcic phrtii|matcs. 11, 75-st5. 
Triinetalli(T orthophosphate, 1 1. 
Tri%illo j>hosphafes, 54, 55. • 

Tunis phosphates, 37, 00, 01. 

Tunisian potash ^>posits. 3.30. 

u. 

rnitcd States potash de]) 0 ''il^, .^58. 
I'rine, ammonia from, 2:10 * ' 

V. 

Vas.senx fennen]^.tion protess^.^^. 
covery of ammonia from fpoiit 
wa.sh! 281-2. f 
\'au(tluse phosphorite, 52, 5:i. 

Vetches, potasli in aslrof, 311 
Vine, potash in asli of, 314. 

Vitroli/.ed hones, 101-2. 

Vivorilla Island guano, 51. 51.''55. 

•W. 

Wagner’s researches on uasiesiajj, nmm 
i Wales jdiospliate, 27, 51, 55. 

I Wasscrleben p'ffcspluirite, 52, 5.3. 

Waste produids, inversion into manure, 
200-70. • 

W(‘st Indian [ihosiphates and p^onpho? 
guanos, 51, 51-7. 

Whali^ guano, :no. * 

Wluait straw, potasirin ash of, .314, 
Willow, •potash in asli of, .314. 
Windward Isles, phosphates, 50-7. 
Wing’s groeess, 171. 

Winsinger’s patent, 05. 
i*Wool, wastf! rags, etc., 10.3, 270. 
Woroneseh phosphate, 51, 55, * 
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